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ABSTRACT

An abstract of the thesis of Stephanie Lynn Gaspers for the Master of Science in
Geography presented October 24, 2007.

Title: "Questions About Stuff You Don't Normally See on a Map:" A Study of
Sixth- Graders' Abilities to Understan d Quantitative Thematic Maps

Middle school students work with many types of maps in school, however
most maps they use are qualitative thematic maps that only show differences in
kind as compared to quantitative thematic maps that show differences in
amounts. This thesis investigates sixth-grade students' abilities to analyze three
types of thematic maps: dot maps, choropleth maps, and graduated circle maps.
Two hundred and two Oregon sixth-graders were tested on their abilities to
interpret map symbology, make inferences from the data, categorize values into
regions, and ask geographic questions concerning data distributions. The results
indicate that students can understand these three quantitative thematic maps for
these purposes. These results also raise the question, "Why aren't there more
quantitative thematic maps presented to students in middle school curriculum?"
Key words: thematic maps, children's cartography, geographic education.
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CHAPTER I:
INTRODUCTION
Geographers rely on maps as a primary tool for dissemination of
information because maps efficiently show data distributions. Maps present data
in a manner that enables people to visualize spatial distributions and identify
spatial patterns (Sauer 1956). Once map readers identify patterns, they can begin
to ask questions such as "Why are things located there?" and "What significance
does this distribution have for other phenomena?" Asking and answering such
questions helps people acquire knowledge and is an essential skill that geographic
educators advocate for as part of school curriculum (Geography Education
Standard Project [GESP] 1994).
This skill can be practiced using many types of maps. Traditionally, maps
are divided into two broad categories: general reference maps and thematic maps.
In the classroom, students most often encounter thematic maps, especially those
that illustrate population distributions, climatic patterns, historical events, and
economic activity. Thematic maps may be further grouped into qualitative
thematic maps, that depict differences in kinds of phenomena, and quantitative
thematic maps, that emphasize differences in amounts of phenomena. Although
there are many types of both qualitative and quantitative thematic maps available,
textbooks rarely employ quantitative thematic maps for use by middle school
students.
This thesis will be guided by the following thesis statement:
1

If children can understand quantitative thematic maps,

then more of these types of maps should be used in
classrooms to teach geographic skills instead of
primarily relying on qualitative thematic maps.
To support this argument, this thesis will explore the types of maps middle
school students encounter and are expected to use in school. It will describe the
cognitive development required to understand spatial patterns and relationships
that may help explain the results of this study. It will detail the methods and
analysis used to test sixth-grade students' abilities to read and comprehensively
understand three types of quantitative thematic maps. Finally, it will discuss the
results in a broader context to explain the importance of the results.

Standards for Geography Curriculum
Curriculum standards are one of the most influential elements of a
student's education because they guide what teachers choose to instruct and thus
determine what students are expected to use. Curriculum standards in the United
States are established separately by each state's education department, resulting in
a spectrum of "important" geography concepts taught across the nation. In 1994,
as a means to make more consistent standards that covered all aspects of
geography, a consortium of geography scholars developed the National
Geography Standards to ensure every student becomes a "geographicallyinformed person" (GESP 1994, 29).
2

This 1994 document describes eighteen standards, arranged into six
overarching themes, that each state can either use or disregard as it wishes. These
standards provide descriptions and examples of specific geography subject matter,
skills, and perspectives. Three of these eighteen standards explain map skills
students should be expected to know, illustrating the importance of maps as tools
for geographers (GESP 1994).
The authors of the Oregon Department of Education (ODE) Geography
Standards also incorporate map skills into state standards to ensure students are
proficient at map reading. By the end of fifth grade, ODE's Geography Content
Standard 2 requires students to "Use maps and other geographic tools and
technologies to acquire, process, and report information from a spatial
perspective" (ODE 2006). To achieve this goal, students will be tested on their
abilities to "Examine and understand how to prepare maps, charts, and other
visual representations to locate places and interpret geographic information."
Additionally, by the time students reach eighth grade, ODE's Content Standard 1
requires them to be able to, "Read, interpret, and understand how to construct
geographic representations to analyze information, understand spatial
relationships, and compare places" (ODE 2006). To achieve this goal, students
will be tested on their ability to "use maps, charts, graphs, and photographs to
analyze spatial distributions and patterns" (ODE 2006). Both the National
Geography Standards and ODE's Geography Standards emphasize the
importance of map skills to geography education. More importantly, the
3

standards recognize that students should be competent with a variety of map types
to fully understand geographic distributions and patterns.

Map Types and Use
While stressing variety, the standards fail to set guidelines to ensure
students become proficient at reading specific types of maps. In traditional
cartographic literature, maps are frequently categorized into two broad groups:

general reference maps and thematic maps (Slocum et al. 2005). General reference maps
are commonly used for data storage as illustrated in Figure 1. They represent and
depict data that actually exist as physical entities and are observable on the
ground. Examples of features found on general reference maps include water
bodies, roads, schools, and parks. These types of maps are the first students
encounter in school and are conventionally used to teach them scale, distance,
direction, and navigation skills (e.g. Downs et al. 1988, Blades et al. 1995,
Sowden et al. 1996, Leinhaardt et al. 1998). Most academic research on
children's cartography employs general reference maps and focuses on how well
children understand them for navigational purposes. Children's performance on
the navigation tasks then become generalized to explain students' overall spatial
abilities (e.g. Downs et al. 1988, Blades et al. 1995, Leinhaardt et al. 1998).

4
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Although research has mainly focused on general reference maps, most
maps students encounter in school are thematic maps (Young 1994). Thematic
maps are used to show spatial patterns of phenomena and communicate how they
differ in both kind and amount (Slocum et al. 2005). Features on thematic maps
may exist as physical entities at the symbol location, but frequently represent
values derived from point samples or counts that are generalizations of broad
patterns present in large areas as illustrated in Figure 2. Examples of information
depicted on thematic maps include barometric pressure, median income levels,
and population of towns. Because these maps depict generalizations of data to
illustrate patterns of certain phenomena, they communicate a theme, hence the
term "thematic."
Thematic maps can be further divided into three types based on the
symbolization they employ: point, line, and area as illustrated in Figure 3 (Dent
1996).

Point symbol thematic maps can show specific ground locations of

phenomena or total quantities of data. Line symbol thematic maps show patterns of
linear phenomena. Area symbol thematic maps can show either distributions of area
phenomena or distributions of quantities in each area unit (Dent 1996).
Although there are numerous types of thematic maps available for use in
the curriculum, researchers have found that few types are actually employed in the
classroom, as illustrated in three particular studies discussed below. Not only are
few types used, but those present in classrooms rely mainly on nominal level, or
qualitative data. For the remainder of this thesis, "nominal scale data" may be
6
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used interchangeably with "qualitative data" to refer to data that only represent
kt'nd, and do not include information on amount. "Ratio scale data" may be used

interchangeably with "quantitative data" to refer to data that identifies amount.
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Review of Maps Used in Geography Curriculum

Young (1994) examined twenty-six middle school social studies textbooks
as part of his PhD dissertation and found that thematic maps are most frequently
employed, compared to general reference maps, at a ratio of 3: 1. Qualitative
thematic maps in the form of "bounded area maps," also known as "color patch
maps," comprised forty percent of these thematic maps. He notes that "textbook
maps often depicted qualitative information and seldom showed quantitative
data" (22).

Young concluded that students can interpret quantitative symbols

and suggested that more quantitative maps should be present in classroom
instruction.
Castner (1997) also found a lack of a diverse representation of map types in
school curriculum. He argues that children should be exposed to many different
types of maps to expand their analytical skills, but notes that North Carolina
curriculum only used three of the forty maps he identified as potential maps to
use. He explains,
This suggests that we aren't doing a very good job of
demonstrating to students the great diversity of map
tools that are available to them and the tasks that are
representative of geographic thinking, especially
when data manipulation and mapping are involved.
How will they, at the end of grade four, as Geography
for Life asserts, be able to distinguish geographic from
non-geographic questions? (59-60)
Castner argues that providing children with the opportunity to work with a variety
of maps is necessary for them to reach the geographic goals educators deem
important.
9

I also conducted a survey of map types in twelve middle school social
studies textbooks approved by the Oregon Department of Education (Appendix
A). Of a total 1,258 color maps, 76 percent were thematic, while 24 percent were
general reference. Similarly to Young's findings, I also discovered that over three
quarters of the thematic maps depicted solely nominal level, or qualitative, data as
summarized in Table 1.
Table 1. Results of middle school textbook survey. For more
information on the types of maps presented in the table, see Dent
(1996).

Map Type

Scale of
Measurement

Map
Count

% of total
Thematic
Ma~s

Ratio-Scale Sub-Total

513
132
101
97
843
90
11
6
5
2
114

53.6
13.8
10.6
10.1
88.1
9.4
1.2
0.6
0.5
0.2
11.9

Grand Total

957

100.0

Nominal

Color Patch
Point Symbol

Nominal
Nominal

Point & Line Symbol
Flow Map

Nominal

Nominal-Scale Sub-Total

Isopleth

Ratio

Choropleth

Ratio

Dot Map

Ratio

Graduated Circle

Ratio

Cartogram

Ratio

Table 1 illustrates the strong reliance on map types that display only
qualitative, or nominal scale data. It also illustrates that textbooks rarely include
choropleth, dot, and graduated circle maps that are often used to present
information to adults. If students have the ability to interpret quantitative map
symbology, limiting the geography curriculum primarily to nominal scale data
may underestimate students' abilities.
10

Research Objectives and Hypotheses
To determine if choropleth maps, dot maps, and graduated circle maps are
useful geographic tools for middle school students, I will test four hypothesis to
identify whether students can effectively use these three quantitative thematic
maps:

Hypothesis 1: Sixth-grade students can interpret
symbolization used on graduated circle
maps, dot maps, and choropleth maps.

Hypothesis 2: Sixth-grade students can make inferences
by analyzing information on graduated
circle maps, dot maps, and choropleth
maps.

Hypothesis 3: Sixth-grade students can identify and
classify regions of similar values on
graduated circle maps, dot maps, and
choropleth maps.

Hypothesis 4: Viewing symbologies on these maps can
help students formulate geographic
questions.
11

I chose to test these four map reading skills because each provides different
levels of understanding about the data on the map as illustrated in Figure 4.

Interpreting the
Symbolization

Basic
Understanding

~

Higher-Order
Understanding

Figure 4. Levels of map reading skills.

Understanding symbology is the first step required before anything else can
be understood about the map. Once values are comprehended, students must
then be able to identify relationships between multiple attributes in one location or
recognize relationships between many locations of one attribute so they can
classify regions and make inferences (Robinson et al. 1984).
This should be a manageable task for middle school students. According
to the Oregon Department of Education standards, at the end of fifth grade,
students should have learned multiplication and division; rounding; algebraic
operations involving representation of a mathematical variable (using a symbol
such as a letter from the alphabet); and measurements of central tendencies
(mean, median, mode, and range). Thus, middle school students do have
experience with these mathematical skills that are required to understand
12

quantitativ e thematic maps and they should be able to group similar values
together into regions and/ or make inferences about the data.
Once students fully understand the data by analyzing patterns, they can
then begin to question why certain patterns exist and how the distributions are
related to other phenomen a's distributions. Breaking the broad term of "map
reading" down into these four skills will also allow us to see if different maps are
better for certain tasks instead of relying on an "overall" assessment that may
generalize too much and give us a less accurate conclusion.
I chose to use the choropleth, dot, and graduated circle maps for several
reasons. First, they rely on simple quantitative and graphical concepts that middle
school students should be able to comprehen d. Since the maps display
· quantitativ e data, they challenge students to recognize spatial patterns of amounts
instead of simply requiring students to determine if one group is different than
another as they would have to on qualitative maps. Second, these maps are the
most underrepre sented map types in textbooks. Third, these maps are widely
used in atlases intended for adult audiences. Thus, they represent a level of
knowledge that students will soon be attempting to reach. The results obtained
from testing these hypotheses will allow us to understand sixth-grade students'
ability to use these three quantitative thematic maps for analyzing patterns of
spatial phenomen on.

13

CHAPTER2:

LITERATURE REVIEW
A combination of research from several disciplines is needed to provide a
framework for my research questions. Studies on children's cognitive spatial
abilities and cartographic design choices provide the contextual background to
this thesis. A brief review of this literature is provided to explain these primary
components.

Spatial Cognition
Geographers, psychologists, and education researchers agree that spatial
cognition affects map reading ability (e.g. Downs et al. 1988, Rittschof and
Kulhavy 1996, Rossano and Morrison 1996, Verdi and Kulhavy 2002, Blaut et al.
2003, Michaelidou et al. 2004). Human cognition is a complex mental activity
that allows humans to perceive, learn, and reason about the world around them.
Spatial cognition, or the process of acquiring knowledge about space, is just one
component of human cognition, yet it is essential to human existence.
Newcombe and Huttenlocher (2000, 1) explain that "spatial knowledge is
essential to life in the world, since anything concretely existing in the world must
have some spatial location."
Although spatial cognition is traditionally a subject that psychologists
study, geographers are also interested in how people develop spatial
understanding so that they can better communicate geographical concepts
14

(Downs et al. 1988). This is especially true for those planning geography
curriculum. They must know when certain concepts should be taught to students
in order to correspond with a child's cognitive development. School is one source
from which children learn skills important to adult life, including geographical
inquiry. If geographers understand the theories psychologists have identified to
explain spatial cognitive development, then better geography lessons can be
created to advance learning.
Although spatial cognition includes many diverse aspects, this discussion
will only focus on cognitive development that is pertinent to thematic map use.
Cartographers often employ Piaget's cognitive development model because it
details changes in children's spatial knowledge that can be tested in geographic
research for which other psychological theories offer little explanation (Bluestein
and Acredolo 1979, Downs et al. 1988, Downs and Liben 1991, Young 1994).
Although Piaget's cognitive development theory provides an effective theoretical
framework, cartographic researchers should also recognize that social structures,
including school and family networks, may aid children in learning skills earlier
than Piaget hypothesized, or conversely, retard that learning. In short, Piaget's
work is a model and does not explain each individual case of development.

Piaget's Theory of Cognitive Development
Piaget's theory of cognitive development explains children's acquisition of
hierarchical knowledge in stages. Piaget's theory is a linear model, where
15

children cannot obtain knowledge in one stage before they have mastered
knowledge in the previous stage as seen in Figure 5. Piaget explains that as

Piaget's St(tg~. [)~yelopm~nt Thepry
Ability to understand abstr.1cl ion

2·7

0•2

Sensorimotor PreQperatlonal
Stage
Stage
~·how
obje(tsexistln..,

IJrlderstand symbciis
llti: ~

7·12

c.oftcrete.Operations

12'+

stag~

fQnnal Operations
Stage

~~·

~~

Thematic Maps
Symbol A!Y:.t.r ,J<:lnc,·,;.,

Nomlnal/QUalbtfve Data

btlo/ QUantltatlve Data

Figure 5. Approximate ages corresponding with Piaget's developmental stages. As children
pass through development stages, they can understand more abstract concepts. This can be tied to
the ability to interpret thematic maps. More abstract thinking is required to understand
quantitative thematic maps than maps depicting nominal scale data.

children explore their world, they are confronted with unfamiliar information
(Piaget 1970). They must either assimilate the new information into existing
schema or create new schema to accommodate for information that will not fit
into existing structures (Piaget 1970).
Piaget's first stage, the senson"motor stage, is characterized by exploration.
Children, beginning at birth, interact with objects in their environment and begin
to understand how they exist in space (Hetherington et al. 2006). This is an
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essential building block for understa nding spatial concepts necessary for
geographic thought.
Once children understa nd objects' permane nt positions in space, they
move onto the second stage of cognitive development called the preoperational

stage. Piaget asserted that children between the ages of two and seven developed
essential spatial skills in this stage. They begin to understa nd symbols. In other
words, they begin to understa nd that an object can stand for another object, an
understa nding essential to map reading. They also begin to categorize objects
(Ault 1983) and understa nd objects' relationships as they develop topological
thought processes (Newcom be and Huttenlo cher 2000). This means that they can
determin e relative positions of objects. For example, they can understa nd when
two objects are close to each other, inside each other, or distant from each other
(Newcom be and Huttenlo cher 2000). To identify patterns and relationships of
spatial data present on maps, children must have developed this cognitive ability.
After they reach the preopera tional stage of knowledge, at about the age of
seven, they move into the stage Piaget terms concrete operations. Between the ages
of seven and twelve, Piaget asserts children begin to understa nd more complex
tasks. They begin to understa nd hierarchies and logical reasonin g (Ault 1983).
By the end of this stage, they will also master what Piaget referred to as

conservation, or the idea that as objects change appearance, their basic properties
remain constant (Hetheri ngton et al. 2006). Figure 6 presents several examples of
conservation. Conserva tion is importan t to map use because children must be
17
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The experimenter scatters the blocks around one of the cardboard sheets and asks
the child if the two sheets now contain the same amount of open area. If the child
has mastered conservation, the child will explain they do have the same amount of
open area.

LENGTH

The experimenter moves one of the identical stkks to the right and asks the child if the
sticks are still the same length. If the child has mastered conservation,the child will
explain they are the same length.

NUMBER
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The experimenter increases the length of one row by adding space inbetween chips
and asks child if each row still has the same number of chips. If the child has mastered
conservation, the child will explain each row has the same number.

Figure 6. Examples of conservation problems. Once children master conservation, they
understand that changing an object's position or arrangement in space does not change its
physical properties such as area, length, or number. Adapted from Hetherington, E.M., Parke,
R.D., Gauvain, M., Locke, V.O. 2006.

able to see that two values, such as county population densities, are the same
regardless of shape 'or size of their respective enumeration unit before they can
properly compare and contrast two regions on a map.
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After age twelve, children enter the Jonna/ operations stage where abstract
thinking and hypothes izing occurs (Hetheri ngton et al. 2006). Children begin to
see spatial representations in projective and Euclidea n space, meaning they can
now picture abstract objects on arbitrary grids (Newcom be and Huttenlo cher
2000).

Vygotsky's Sociocultural Theory of Cognitive Development
Piaget's identification of these developmental stages provides importan t
guidelines for cartographers to consider when researching children' s map skills.
However , to help explain why some children develop certain cognitive skills
earlier or later than Piaget would expect, Vygotsky's theory of cognitive
developm ent should supplem ent Piaget's theory.
Vygotsky reasoned that children' s cognitive development is guided by
interacti on with people in society, including their teachers, peers, and parents. Of
greatest interest to geographers is his concept of the zone ofproximal development.
Vygotsky argued that children have a range of possible achievem ent levels and
that certain influences -- such as guidance from parents, teachers, or more
experienced peers -- would cause children to obtain a higher understa nding than if
they tried to learn by themselves (Vygotsky 1978). This is often done through the
process of scaffolding, where the parent or teacher gives less guidance to the child
as he or she gains more understa nding of a concept. When paired with Piaget's
theory of cognitive development, Vygotsky's two concepts help explain why we
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should expect students to differ in abilities. Together, Piaget's and Vygotsky's
theories provide at least a partial explanation of the mechanisms or processes that
bring about cognitive growth and change that are essential to students' map
reading abilities.

Cognitive Processes Critical to Thematic Maps

In order to understand the cartographic terminology I am about to use, I
first must distinguish the differences between the word "symbol" and
"symbology" as used in this thesis and illustrated in Figures 1 and 2 (on pages 5
and 7). I will use the word "symbol" to refer to the actual mark drawn on a map.
It may be iconic, such as the traditional rail line symbol that closely resembles an
actual railroad track, or it may also be abstract, such as a square or circle, used to
represent towns. In Figure 2, for example, the "symbols" are the different sized
black circles, or the actual marks on the paper. I will use the word "symbology"
to refer to the meaning that the symbol carries. Therefore, in the same example,
these black circles represent the amount of hectares devoted to rice production. I
would argue that thematic maps employ more abstract symbologies because each
symbol represents generalized information for an area on the map. It would seem
reasonable that the cognitive skills required to read thematic maps differ from
those needed for general reference maps because the symbols and symbologies
thematic maps use are more abstract.
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To understand these more abstract thematic maps, children must be able to
1) interpret symbologies carried by each symbol, 2) compare and contrast regions,
and 3) classify symbols and their representative values. Unfortunately,
cartograph ers and psychologists have done little research on these types of
cognitive abilities using experiments with maps (Young 1994). However,
psychologists have explored children's abilities to perform these tasks in other
situations that can be used to explain map reading.

Symbology Understanding
Carl Sauer, in his 1956 presidential address to the Associatio n of American
Geographe rs, observed that, "The map speaks across the barriers oflanguag e; it is
sometimes claimed as the language of geography" (Sauer 1956, 289). Sauer's
view of the role of maps provides a powerful introductio n to symbol usage. In a
sense, symbols on maps are like words in a book. Both are representations of real
world phenomen a. However, unlike language, symbols on maps are tied to
geographic locations. They are symbols that not only represent phenomen a, but
also their place in space in relation to other objects, which may be more complex
for children to understand (Newcomb e and Huttenloch er 2000).
The cognitive structures needed to understand symbols appear in the
preoperati onal stage when children begin to understand that language, models,
and maps stand for real phenomen a. As children experimen t with basic symbols,
they can begin to transfer the knowledge they gained about these earlier, more
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simplistic symbols to use in new, more abstract symbol situations (Marzolf and
DeLoache 1994).
DeLoache, Miller, and Pierroustakos (1998) found that the more similar a
pictorial symbol is to its real life object, the better children, especially between the
ages of two and four, can understand its symbolization. Dent (1996, 16) refers to
these pictorial symbols as replicative symbols and explains they represent tangible
objects. Conversely, he refers to geometric shapes used to symbolize amounts as

abstract symbols because they can "represent anything and require sophistication of
the map user." For example, a replicative symbol imitating a house with windows
and a peaked roof would be better recognized as a symbol for a house than would
a dot placed in the same location. Thematic maps often employ abstract symbols
and they may be too conceptual for preoperational children to comprehend.
However, as discussed previously and illustrated in Figure 5 (page 16), as children
advance through developmental stages, they begin to understand more abstract
concepts such as maps that employ more abstract symbols.
For this reason, thematic maps are introduced in schools to children in
formal and concrete operations stages. Marzolf and DeLoache (1994) conclude
that children understand more abstract symbols better if they are presented with
more concrete representations previously. Therefore, I would also argue that if
children are presented with less abstract thematic maps at an earlier age, by the
time they reach the formal and concrete operation stages, they should be ready to
understand the next level of complexity added to the map: more abstract
22

symbologies. These symbologies not only represent elements on earth, but also
represen t certain numerica l values associated with the symbols. Thus, once
children understa nd this concept, they obtain basic a understa nding of the map.

Ability to compare and contrast
The next step of thematic map reading geographers are interested in is the
ability to compare values between regions. Children must understa nd that
thematic map symbols show quantitative values. They also must understa nd that
symbols and their respective values can be compare d to determine values that are
larger or smaller than other symbols' values. In the preopera tional stage, children
have limitations on their abilities to understa nd what Piaget refers to as
conservation. Thus, preopera tional children have difficulties understa nding that
objects retain their area, length, and number despite their arrangem ent in space as
explaine d in Figure 6.

This can affect map reading ability greatly. For example,

look at the chorople th map in Figure 7. The fact that County A and County C
have the same populati on density may not be understo od by children who have
not mastered conserva tion because County A has a much larger area than County
C.
Although research has not tested this, a preopera tional child, not fully
compreh ending conservation, may argue that County A has a higher density
because it has a larger area. Kotovsky and Gentner (1996) found this to be true in
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Figure 7. Choropleth map depicting population density.

an exercise comparable to interpreting map symbologies. They tested children's
ability to distinguish between two shades of gray on different sizes of geometrical
shapes. They found that four-year-olds could only compare objects' colors if they
were the same shape and size, but six- and eight-year olds were better at
comparing objects' colors regardless of shape or size, although some were better at
it than others.
Although this may be a problem that children with less-developed spatial
cognitive abilities have, according to Piaget, by the time children reach middle
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school when they are aged eleven or twelve years, they should have mastered
conservation knowledge and be able to correctly compare and contrast values.

Categoriza.tion
Third, geographers are interested in the spatial cognitive processes required
to categorize thematic map symbologies. Categorization "reduces the diversity of
the physical world" (Quinn 2002, 85). The purpose of thematic maps is to show
spatial distributions of phenom ena in order to allow readers to identify patterns or
relationships. For example, in order to comprehend the graduated circle map
seen in Figure 8, a person must categorize the circles someho w to make sense of
the map.
One approach might be to assign all the larger circles in the norther n part
of the map into a group and categorize all the smaller circles in the southern
portion of the map into another group. Once this is done, one can begin to ask,
"why are there more people in the norther n part of the state than in the southern
portion?" Therefore, categorization is a critical underpinning for geographical
mqmry.
The most commo n experiment that psychologists employ to test these
abilities is to evaluate if young children can categorize figures such as play toys
into different groups. For example, Mandler, Bauer, and McDon ough (1991)
found that younger children between seven and twenty-four months can separate
global representations such as dogs from trucks into groups, but had difficulty
25
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Figure 8. Graduated circle map depicting county population.

grouping dogs into separate groups than cats. This suggests that younger children
do have the ability to group, but it is not thoroughly developed.
Another study that may be more applicable to map reading tested children
between the ages of four and eight on their ability to group different colored
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symbols drawn on a sheet of paper according to proximi ty and similarity (LangeKiittner 2006). The results indicate that coding commo n regions according to
similarity and proxim ity emerge d at age five and improv ed with age. LangeKiittner discusses that children between four and five focus on each symbol
individually and as a result have difficulty recognizing overall patterns . However,
by age eight, most children were able to see regional patterns because they first
create a plan by assessing the overall image. Lange-K uttner conclud ed that
younge r children do not scan the entire picture and then create a plan to
categorize, but instead begin to group based on the first symbol they encounter.
This may indicate that younge r children are consum ed with the task of
interpreting symbologies and therefore have difficulties groupin g similar, nearby
symbols; wherea s older children interpret symbologies and are able to focus on
defining rules that govern what is considered a "group. " These findings and
suggestions can be directly applied to how children underst and map symbologies.

Cognitive abilities directly tied to cartography
The studies conduc ted within the field of psychology offer some
explana tion of children 's cognitive abilities that can be applied to themati c map
reading, but cartographic research on children 's abilities to underst and themati c
maps is less frequently published. Two PhD dissertations examin ed children 's
ability to underst and themati c maps. Young (1994) tested 335 children from ages
eight to fourteen years to record their performances on dot, graduat ed circle,
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isoline, choropleth, and color patch maps. He found that younger children had
wider ranges of scores than did older children, but all children showed some
ability to understand thematic maps. Young also found that differences existed
between children's ability to understand different symbologies.
He asked the children to answer five multiple choice questions about each
map. This required them to compare quantities for ratio scale data maps or
qualities for nominal scale data maps. For example, on the choropleth, dot, and
graduated circle maps, children were asked, "Which county has the most people?"
or "How many people live in county D?" or "Which county has a large city with
many people?" Each question was then followed by four choices from which the
student could circle their answer. The mean scores for each map are included in
Table 2.
Table 2. Young's Results of Students' Map Reading. Mean
scores (out of a possible 5) of 8-14 year olds' performance on
each map type illustrate that students performed least well on
line symbol maps (isoline) and best on area symbol maps
(choropleth and bounded area).

S~mbolization

Mean
Score

Dot

3.2
3.8
3.9

Color Patch

4.6

Choropleth

4.7

lsoline
Graduated Circle

Young found students' performance on each of the map types falls into
three statistically significantly different groups. First, the children scored highest
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on choropleth and bounded area maps. They scored second highest on point
symbol maps that include dot and graduated circle maps. They performed least
well on the line symbol map. He found there was no difference between sexes
and concluded that "children develop some of the cognitive abilities necessary to
understand thematic maps at a younger age than Piagetian theory would predict"
(Young 1994, i).
Similarly, Trifonoff (1994) studied 74 second-grade students and found that
they were able to recognize spatial patterns on both choropleth and graduated
circle maps. Additionally, she found that second-grade students were able to
interpret the abstract symbologies used on these maps by answering if one county
had a higher or lower value than another. These studies contribute to the underresearched area of thematic mapping abilities of children and affirm that children
do possess spatial cognitive skills to understand thematic maps.
Piaget's theory provides importan t contributions to understanding how
children gain knowledge of spatial concepts. However, as noted by Blaut et al.
(2003) cognitive development does not occur by act of pure genetics and
biological processes. Children are affected by social interaction, such as guidance
from parents or teachers. This is important to know so that Piaget's theory
provides an underlying framework, not an age-specific manual, that cartographers
and geographers can work from. Because primary map skills such as orientation
and direction are taught early in school, children obtain basic geographic concepts
that can be added to as they encounter more complex concepts. Because there are
29

geography standards present in all public schools requiring early use of maps,
students should be ready to be exposed to complex thematic maps in middle
school to add more abstract geographical understanding to their cognitive
structures.
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CHAPTER3:

METHODOLOGY

Map Design

Cartographic research has established general guidelines for those
interested in effective design choices for map elements specific to each map type.
These design choices include decisions on colors, symbols, categorization,
generalization, and typeface. They help cartographers design clear and concise
maps that provide the best opportunity for map readers to understand the
presented information. Cartographic research has also concluded that differences
in data handling and representation produce distinct symbolization for each map
that requires different visual tasks by the reader. The distinctive symbolizations
result in separate strengths and weaknesses of each map type that may affect
students' abilities to read, comprehend, and analyze the data. These design
principles and map characteristics are formally explained in Appendix B and
outlined in Table 3. Additionally, the few who do offer guidelines for
cartography specifically aimed at children have been incorporated into the design
of the maps (Gerber 1984, Wiegand 2003), however the suggestions these
researchers offer do not drastically differ from findings discovered by
cartographers specializing in thematic maps for adults.
For this study, I designed three thematic maps displaying Oregon
population: a choropleth map, a dot map, and a graduated circle map. Each map
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Table 3. Comparison of thematic maps. Found in Figures Bl, B2, and B3 in Appendix B.

Uses shades of hues to
represent high and low
densities of phenomena
by a chosen enumeration
unit.
• An entire enumeration
unit is shaded to represent
the density class it is in.
Densities or ratios are
•
• Raw data are mapped.
mapped.
• Data values are
Data grouped into classes
•
to
scaled
mathematically
or ranges of values.
the
of
area
the
equal
circle.

• Uses one dot to
represent a specified
count of data.
• Dot value and dot size
decisions combined
with dot placement
produces a pattern of
dot densities.
• Raw data counts are
mapped.
• Total data count
divided by dot value
equals total number of
dots.
• Ancillary data are
used to determine
where phenomena
most likely occur.
Dots are placed in
local areas or zones of
homogeneity.

• Uses different-sized
circles to represent
different counts of data.
• One circle is placed for
each enumeration unit.

•

•At small/medium
scales, circles are placed
at points such as cities.
• At medium/large scales
circles are placed at
centroids of polygonal
enumeration units

• Shading is applied
uniformly over the entire
enumeration unit.
• Dark shades equal high
densities, light shades
equal low densities.

• Determine relative
densities of dots.
• The higher the density
of dots, the more data
present in that area.

• Estimate size of circles.
• The larger the circle
size, the more data are
present in that area.

• Organize tones into spatial
regions of similar values.
• The more similar tones are
to neighboring tones, the
more homogeneous the
phenomena.

• Allows readers to see
patterns (Jenks 1974,
Dent 1996).
• Provides for a wide
range of densities to be
portrayed.

• Allows readers to quickly
• Allows readers to
compare regions.
quickly identify and
compare regions.
• Tonal values are
intuitively assigned to
• Simplifies values for
high-low numeric values.
complex area outlines to
a set of discrete points.

• Variations of high and
low dot densities are
not classified similarly
by all people (Jenks
1974, Provin 1977,
Mashoka et. al 1986,
Sadahiro 2000).
• Actual data count
numbers are difficult
to determine (Provin
1977, Sadahiro 2000).

• Perception of circle size
can be affected by other
factors that result in
miscalculation of data
amounts (Flannery
1971, Gilmartin 1981).
• Circles for polygons may
mask variation within
the polygon.

• Masks density differences
within enumeration units.
• Classification process may
result in misleading
groups
• Continuous symbol for
discrete data may be
misleading.
• Variable enumeration unit
size may impact
interpretation.

32

8 V2" x 11"
is approximately 7" x 4" and is printed in color in portrait format on
population
white paper. All three maps are derived from the same Oregon 2000
each map
data obtained from the Unite d States Census Bureau (2000). However,
uses its distinctive symbolization to show the data.
The choropleth map has a sequence of five orange tones and data are
map uses
categorized using Jenks Optimal classification in ArcGIS 9.2. The dot
or roughly
black dots on pale yellow with a scale of one dot equal to 500 people,
one third of the lowest population of the thirty-six counties in Oregon.
graduated circle map uses solid black graduated circles directly scaled

The
to the data

s to
values. Because I am not testing the effects of color on students' abilitie
closely
analyze maps, color was introduced into these maps only in order to
used to
resemble maps found in textbooks. The orange color palette is often
they
show population. When dot maps and graduated circle maps are used,
usually display black dots/circles on a pastel base map.
Although the maps created for this study reflect a numb er of subjective
mended
decisions, they do uphol d cartographic design guidelines widely recom

by

l
the literature. Also, they closely resemble maps found in middle schoo
and be
textbooks, suggesting they are similar to maps students would encounter
expected to use.
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Questionnaire Desig n
e
Nine questions accom panied each map type. The complete questionnair
the nine
packe t for each map type can be seen in Appen dix C. All but one of
questions are identical for each of the three maps in order to allow direct
question that
comp arison of students' performance betwe en map types. The one
specific
is uniqu e to each map should determine if students under stand their
e each of
map's symbolization, and thus must be asked differently to accom modat
the three symbolizations.
infer,
Five questions were asked to evaluate students' abilities to interpret,
al
and inquire about the data on the map. Three questions generated person
n of the
inform ation to characterize the subjects by age, gender, and their opinio
test questions. These questions were used to test differences betwe en
distinguishable huma n traits that may affect map reading ability, but

are not as

t.
impor tant to the study as the actual test questions about the map conten
t
These questions were combi ned into a four-page packet, each packe
map at
presenting just one map type. The first three pages each have the same
The purpo se
the top of the page with one or two questions about the map below.
of reproducing the map three times is to prevent confusion resulting

from

y, it allows
students flipping betwe en pages to refer back to one map. Additionall
thus
students to focus on the question, not where to find the information,
students'
resulting in more accurate answers. Lastly, this format separates the

34

responses into a less crowded area that makes it easier for the stude

nts to record

nses.
their answers and for the tester to read and interpret their respo

Questions 1 and 3: Interpreting the Symbolization
1. On the map at the right there is a highlighted county.
Find the same county in the map above. According to
the map above, how many people would you estimate
live in that county?
3. On the map at the right, look at the highlighted County
A and County B. Find these counties in the map
above. Looking at the map above, which county has
more people: county A or county B?

stand
Questions 1and 3 are designed to analyze students' ability to under
ly and on the
the map and its symbolization. They are not included consecutive
same page in the survey because of formatting and logistical purpo

ses. Young

I have changed
(1994) asked similar questions, but in a multiple choice format.
the answers to short answer to reduce the likelihood of obtaining

the correct

ple choice or
answer by chance. Additionally, regardless of whether it is multi
lation
not, students must consult the legend and determine county popu

size

before answering the questions.

Question 2: Making Inferences
2. Mark an X in one county on the map at the top ofthe
page that you think has a dty with many people living
in it. There may be more than one correct answer, but
only put an X in one county.
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Questio n 2 requires students to make inferences based on the data, an
essential task to compre hending the map. Young (1994) also required student s to
make inferences with similar questions, but again asked the questions in a
multipl e choice format. Because I am not asking multiple choice questions for
reasons noted above, I have explain ed in the questio n that "there is more than
one correct answer" to help minimi ze confusi on for students.

Question 4: Spatial Pattern Recognition
4. Geographers say that a region is an area that includes
more than one county. A region does not have to follow
county borders. Many people see regions ofhigh,
medium, and low population on the map at the top ofthe
page. On the map at the top ofthe page, draw lines
around the regions that you think are high, medium, and
low and label each with the word ''High, " ''Medium, " or
"Low. " When you get done, every place in Oregon
should be in a high, medium, or low region.
Questio n 4 requires student s to think about spatial patterns. This requires
two skills: the ability to interpre t symbols and the ability to categorize similar
values. Compar able tests were perform ed by Jenks (1974) where he was able to
determi ne where college student s saw high and low density patterns on dot maps.
His study provides evidence that people can classify regions on maps and there
are "norma l" or "usual" patterns that emerge. He then research ed which
individuals deviate d from the "norma l" patterns. I am not interested in which
individuals deviate from the expected, but rather interested in identifying: a)
whethe r children can also recognize spatial patterns to classify them into regions;
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and, b) whethe r there are any patterns of region drawin g performance either
to
within or betwee n map types. The final sentence of the question is intend ed
force students not to simply identify the "easy" areas of high and low, but to
address more difficult issues of categorizing all data.

Question 5: Spatial Relationships and Inquiry
5. Imagine that you are a reporter from another state and you
wanted to write a story about where people live in Oregon.
You look at this map as a starting point and learn where
people live in Oregon. However, looking at the map and
where it shows people living, you begin to think ofother
questions about Oregon's population. Ifyou can find
answers to these questions, it will help you write an
informative story on Oregon population. Before you do any
more research, you need to have questions that you will try
to find answers to. So, think ofsome questions you have
about Oregon's population by looking at the map.
In the space below, write down 2 questions that the map
makes you ask about where people live in Oregon that will
be important to writing your story. Do not write the
answers, just the questions.
Questi on 5 requires students to examine spatial relationships and record
the inquiry process it evokes. Requiring students to identify a question is a
technique similar to a technique Gregg (1997) used. She determined that
students who posed questions about maps unders tood the map more thoroughly
d
than those who did not. However, the way she phrase d her questions require
students to ask questions about map design. Thus, the answers she obtain ed
reflected how well students unders tood the map's elements and navigational
properties. I want to determine if students can unders tand the data and their
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aphic
distribution patterns and what those patterns mean for other geogr

al

should recognize
phen omen a associated with population. For example, students
that there are parts of Oregon that are more populated than other

s (and are tested

cause or
on this ability in Question 4). Geographic questions probing the
e live in Eastern
ramification of these distributions, such as "Why do few peopl
the next step
Oregon and many people live in Western Oregon?" should be
ers to this
towar d a fuller understanding of the geographic data. The answ
ions by looking at
question will determine: a) whether students do develop quest
thematic maps as the Natio nal Geography Standards woul d like

them to; and b)

ing from each
wheth er there are differences between the types of questions result
map.

Question 6: Symbolization Understanding
Question 6 is different for all three maps because it requires stude

nts to

understand how
explain the symbology of their specific map, showing they fully
s:
it "works." Question 6 for each of the three maps are as follow
Choropleth:
The whole map is shaded a color, but people don't live in every
square mile in Oregon because there are forests, lakes, and rivers
where people cannot live. But, the map is still correct. Explain how:
Dot
People live in pans ofOregon where there are no dots on the map, but
the map is still correct. How can this be?
Grad uated Circle
People live in areas in Oregon that aren't covered by the circle in each
county, but the map is still correct. How can this be?
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The pur pos e of this que stio n is to prov ide
abo ut the survey and uses lang uag e mor

mor e insi ght on stud ents ' perf orm anc e

e app ropr iate for sixth-graders than

map wor ks."
directly asking them to "ex plai n how the

Sample
Aft er obta inin g app rova l from the hum an

subjects review boa rd

y
ade classes in whi ch to con duc t this stud
(Ap pen dix D), I identified eight sixth-gr
two stud ents , bot h mal e and female
as pres ente d in Tab le 4. Two hun dred and
icip ated in this study. Eac h stud ent
age d 10-13 (Fig ure 9 and Fig ure 10) part
part icip ated voluntarily.

Table 4. Participating sixth-grade classes.
Location

Teacher

Fairview, OR
Eugene, OR

A
B
B
B

Eugene, OR
Eugene, OR
Beaverton, OR
Beaverton, OR
Beaverton, OR

c
c

Beaverton, OR

D

D

Total

Num ber of
Students

23
24
30
24
27
23
26
24
202
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Figure 9. Number of each gender that participated.
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Figure 10. Age of participants. Most students included in the
study were 11 and 12 years old. Two students gave no age.
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Data Collection
A helper and I went to the eight sixth-grade classrooms between February

21st and February 28th, 2007. All surveys were distributed in the social studies
portion of the students' class time. In Oregon, all sixth-graders are enrolled in a
social studies class that includes lessons on geography. The first class we visited
was in Fairview, OR. It served as a pre-test to determine if the questions could be
realistically answered by students. Because this pre-test did not identify any
crucial problems, I kept the format of the questions and included this class'
responses in the study.
Within each class, my helper distributed each of the three map type
packets randomly to students, so approxima tely one third of the class analyzed
the dot map, one third analyzed the graduated circle map, and one third analyzed
the choropleth map. As the maps were being distributed, I read the instruction s
from a script (Appendix E) that directed students to keep their map packet face
down on their desks until all the instruction s were read. I emphasize d that any
time during the exercise if the students had questions, they could raise their hand
and I or my helper would assist them. Once the instruction s were clear, the
students were directed to tum over their map packet and answer the questions at
their own pace. The students marked answers directly on their maps/ answer
sheet. When they finished, they were instructed to raise their hand so we could
collect their packet and record the time it took them to finish the exercise. A total
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of 202 map packets were collected: 68 choropl eth maps, 69 dot maps, and 65
graduat ed circle maps.

Data Analysis
I entered the data we collected from the student s into an Excel spreads heet
for tabulati on and summar ization. I assigned a number to the test packet that
links it back to the teacher and class, but retains student s' anonym ity because no
names were collected. I then analyze d these data in SPSS 12.0 using Pearson 's
Chi-Squ are test to measur e goodne ss of fit. The chi-square index measure s
whethe r the observe d frequencies of correct and incorrec t answers deviate from
frequency distribu tions expecte d by chance (McGre w and Momoe 2000). If the
frequencies deviate from expecte d frequencies beyond a 95% confide nce interval,
the chi-square test will produce a statistically significant result. A statistically
significant result indicate s that correct and incorrec t answers for one or more of
the map types deviate d greater than could be expecte d by chance. In other
words, one or more of the map types present ed data more or less effectively than
expecte d for the task.
To determi ne which map contribu ted to the significant chi-square result, I
consult ed the standar dized residuals. The standar dized residuals explain how
much one observe d value differed from what was expecte d divided by its
standar d error. If the absolute value of the standar dized residua l is greater then
2.0, then it is a contribu ting factor to the overall significant chi-square test result
(McGre w and Momoe 2000). If the results are insignificant, then we can
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from the results.
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CHAPTER4:
RESULTS

each of the four
This chapter presents results to describe performance on
statistics, providing
map reading tasks. Tables and graphs illustrate summary
numerical and visual overview of the data collected from

the students' surveys.

Inferential statistical tests identify if there are performance
deviate from expected performance for each map reading
to conclude one map' s data presentation makes it easier

a

results that statistically

task that may allow us

or more difficult for a

measure of a map' s
specific task. Overall findings are presented as an additional
ability to display information for spatial data analysis.
In order to properly compare results of students' performan
be determined if one map presented students with more overa
indication that a map might be more problematic is if stude

ces, it must first

ll problems. One

nts spend more time

investigate any
answering questions for one map type than another. To
group to complete
differences, I analyzed the time it took students in each map
test revealed no
their surveys (Table 5 and Figure 11). A one-way ANO VA
(2, 197) = 1.23, p> .05.
statistically significant differences between map groups, F
The ANO VA test for completion time indicates there were
problems that arose in one map type that inhibited stude

no major

nts' performance. This

between map groups.
finding allows us to fairly compare students' performances
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(in
Table 5. Compl etion time summa ry statistics. Although the times
ant
signific
ally
statistic
a
not
is
there
seconds) do differ between groups,
s
difference between them to suggest one map was more difficult for student
not
were
thus
and
time
d
recorde
a
have
not
did
than another. Two packets
included in these results.
Median

Mean
T"

Choropleth

677

Dot

637

1·
670
621

Graduated

639

630

MaoT
--.- -

Min.
T"

Max.
T"

172

288

1260

972
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Figure 11. Box and whiske r plots of map comple tion time. Each
of the three box and whisker plots represents the entire spread of the
data, while the three dots represent cases that SPSS recognized as
outliers. Both the interquartile range (represented by the gray
boxes) and the mean (represented by the black line inside the boxes)
are similar for all three map types.
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Quest ions 1 and 3: Interp reting the Symb olizat ion

I. On the map at the right there is a highlighted county.
Find the same county in the map above. According
to the map above, how many people would you
estimate live in that county?
3. On the map at the right, look at the highlighted County
A and County B. Find these counties in the map
above. Looking at the map above, which county has
more people: county A or county B?
key.
Questions 1 and 3 test if students can interpret data by using the map
that live in
Quest ion 1 instructs students to determine the exact amou nt of people
ed for them. I
Whee ler County, OR and then write their answe r on the line provid
range
determ ined if their answers fell within a range of correct values. The
who reside
includes any answe r plus or minus 100 people of the numb er of people
because if the
in Whee ler Count y, OR (1,547 people). This value range was used
the correct
limits were expan ded to a range such as plus or minus 500 people of
extra dot
answer, values could include answers from students who misre ad an

on

the dot map (one dot= 500 people).
that
A problem arose with the choropleth map responses to this question
ded with the
made data interpretation and analysis tricky. Many students respon
ways:
answe r of simply "0-15." Witho ut a label, one could interpret this many
a) the studen t thinks 0 to 15 people live in the respective county,
instead of 0- 15 people per square mile (in other words, the studen t
doesn 't under stand the symbolization is a ratio, not a raw count)
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b) the student knew to match the county's hue to the hue in the map
key, but was simply copying the key because he/ she does not

understand the symbology.
c) the student was abbreviating the answer and left off "people per
square mile" but still understands the symbolization is a ratio for
each square mile within the respective county.
a proxy to
Altho ugh it is impossible to tell without additional study, I developed
determine what the student meant by examining Question 6 responses

that asked

ion 6
students to explain how the map worked. If a student explained in Quest
count ed
that units of the map represented density, the "0-15" answers could be
correct for Question 1.
This is not the perfect solution because some students in each map group
n correctly
who answered Question 1 correctly did not explain their symbolizatio
Question
for Question 6. However, the majority of those who correctly answered
ts with
1 also correctly answered Question 6. Witho ut retesting all the studen
pleth
additional questions, this metho d can serve as a proxy to clarify the choro
Question 1 answers of "0-15."
Out of the 33 students who simply answered "0-15" for Question 1, there
ed the
was only one student who I count ed correct because this student provid
se every
following answer: "Because people live per mile so its shaded that becau
students
square mile is about a family are present." The remaining 32 of the 33
did not explain that the units represented density and their answers to

Question 1
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were thus consider ed incorrect. The dot map and the graduate d circle map
answers to Question 1 did not have any compara ble reoccurri ng complica tions.
Once I solved that data interpret ation problem, I was able to plot the range
ofrespon ses for each map displayed in Figures 12, 13, and 14. Figures 12, 13, and
14 illustrate that the data obtained from this question differ between map types.
The chorople th map answers cluster around 0, or an incorrect answer. The
answers to the dot map cluster near the correct answer of 1,500, and the graduate d
circle map answers mostly cluster consider ably above the correct answer. The
summari zed version of these figures are presente d in Figure 15.
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CHOROPLETH Map Question 1:
How many people live in this county?

Figure 12. Distribution of
answers given for
Question 1 on the
choropleth map (correct
answer is +I· 100 of 1500
people). For the sake of
this graph, those who
wrote "0-15" were entered
as "O" because they were
incorrect answers. Those
who wrote "0-15 people
per square mile" were
marked as recording
"1500" since they are the
same amount.
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Question 1: How many people live in this county?
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Figure 15. Correct answers to Question 1.

The bar graph in Figure 15 shows that very few students from each group
could correctly extract population values from a single county. Additionally,
compared to the dot map, the graduated circle map has a much lower percentage
of students able to correctly identify that Wheeler County has a population of
1,500 people.
A Pearson's chi-square test on the counts of correct and incorrect answers
for each map group produced statistically significant results, t (2, 202) = 21.6,
p<.05 (Table 6). This reveals that students' performance on interpreting
symbologies in Question 1 statistically deviates from what is expected by chance.
Additionally, the standardized residuals allow us to conclude that students
performed statistically better than expected on the dot map, statistically worse
than expected on the graduated circle map, and did not deviate from what was
expected on the choropleth map. In other words, the dot map's symbology
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Table 6. Chi-square contingency table for Question 1.
Ma~T~~

Choropleth

Expected Count
Observed Count
Residual
Std. Residual

Dot

Expected Count
Observed Count
Residual
Std. Residual

Graduated Circle

Expected Count
Observed Count
Residual
Std. Residual

Total

Incorrect

Correct

Total

54.9
55.0
0.1

13.0
13.1
-0.1

68
68

o.o

o.o

55.7
45.0
10.7
-1.4
52.5
63.0
-10.5
1.5
163

13.3
24.0
-10.7
2.9
12.5
2.0
10.5

69
69
65
65

-3.0

202

39

presented data better than expected 'Dy chance and the graduated circle'

s

symbology presented data worse than expected for the task of extracting

exact

values.
to
Question 1's results must be considered with the results of Question 3
tion 3) tests
ascertain if students can interpret symbology. The second task (Ques
students on their abilities to compare data by instructing students to identif

y if

ts to
Count y A or Count y B has a higher population. This task requires studen
to
interpret symbology, but on an ordinal scale, meaning they only have
determine which county has a higher population than the other.
All students marked an "X" in either Count y A (the correct answer) or
y A as their
Count y B. The percentage of students in each group recording Count
students
response are presented in Figure 16. The bar graph reveals that many
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Question 3: Does County A or County B have a
higher population?
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Figure 16. Correct answers to Questio n 3.

had
from each group were able to correctly identify that Linn County (County A)
ed
a higher population than Grant County (County B). Each map group perform
to
very well, with over 90 percent of all students able to interpret the symbology
conclude that County A had a higher population.
Students' performance on interpreting symbologies in Question 3 showed
no statistically significant deviance from performance expected by chance as
In
determined by a Pearson's chi-square test, i' (2, 202) = 2.25, p>.05 (Table 7).

ts
other words, each map's symbology presented data equally well to allow studen
to compare popula tion values.
To summarize students' abilities to interpret symbology, students
tion
performed poorly on Question 1 that required them to determine exact popula
values for Wheeler County. A Pearson's chi-square test concluded that dot map's
52

Table 7. Chi-square contingency table for Question 3.
Incorrect

Correct

Total

Expected Count
Observed Count
Residual

4.4
6.0
1.6

63.6
62.0
-1.6

68
68

Std. Residual

0.8

-0.2

Expected Count
Observed Count
Residual

4.4
2.0
-2.4

64.6
67.0
2.4

Std. Residual

-1.2

0.3

Expected Count
Observed Count
Residual

4.2
5.0
0.8

60.8
60.0
-0.8

Std. Residual

0.4

-0.1

13.0

189.0

Ma~T~~

Choropleth

Dot

Graduated Circle

Total

69
69

65
65

202
values.

symbology presents data better for students to extract exact population

determined
Additionally, students performed very well on Question 3 where they
test
which of two counties had a higher population. A Pearson's chi-square
revealed that the maps present data equally well for this task.
Quest ion 2: Makin g Inferences

2.

Mark an X in one county on the map at the top of
the page that you think has a city with many people
living in it. There may be more than one co"ect
answer, but only put an X in one county.

Quest ion 2 asks students to identify a county that probably has a large
They must understand that a large city would most likely be found in

city in it.

a county

"X" on the
with a high population. To answer this question, students marked an
ation over
map in their chosen county. All counties that had a city with a popul
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50,000 people were counted correct. Correct answers include Multnom ah, Lane,
Marion, Washing ton, Jackson, and Deschute s Counties . The summati on of
students' answers are displayed in Figure 17. As the Figure illustrates, students
most frequently chose Multnom ah County as the county most likely to have a city
in it.

Question 2: Which county probably has a city in it?
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Figure 17. Responses to Question 2. Counties with an asterisk (*) indicate possible correct
answers.

Most students performe d well on this task as seen in Figure 18. The bar graph
depicts a high percenta ge of students from each map group able to identify a
county that would probably have a large city in it.
A Pearson' s chi-square test reveals that the number of students to correctly
make inferences in Question 2 did not statistically deviate greater than expected
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by chance,

i

(2, 202) = 1.05, p>.05 (Table 8). In other words, the chi-square

result indicates that each map displayed data equally well to allow students to
make inferences.
Question 2: Which county probably has a city in it?
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Figure 18. Performance on Question 2.

Table 8. Chi-square contingency table for Question 2.
Ma~

Choropleth

Dot

Graduated Circle

Expected Count
Observed Count
Residual
Std. Residual
Expected Count
Observed Count
Residual
Std. Residual
Expected Count
Observed Count
Residual
Std. Residual

Total

Incorrect

Correct

Total

4.4
6.0
1.6

63.6
62.0
-1.6

68
68

0.8

-0.2

4.4
4.0
-0.4

64.6
65.0
0.4

-0.2

0.1

4.2
3.0
-1.2

60.8
62.0
1.2

-0.6

0.2

13.0

189.0

69
69

65
65

202
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Question 4: Spatial Pattern Recognition

3. Geographers say that a region is an area that includes more
than one county. A region does not have to follow county
borders. Many people see regions ofhigh, medium, and low
population on the map at the top ofthe page. On the map at
the top ofthe page, draw lines around the regions that you
think are high, medium, and low and label each with the
word ''High, " ''Medium, "or "Low. " When you get done,
every place in Oregon should be in a high, medium, or low
region.
Question 4 tests students' abilities to identify regions, requiring them to
interpret data values and group si,milar values. For students' answers to be
counted correct, the map on which they drew their response had to meet all three
of the following criteria: a) a line/circle had to be drawn around an area and
labeled, b) each identified region had to be labeled correctly, and c) at least 75% of
the data on the map had to be categorized into regions. If students incorrectly
labeled regions or simply labeled each county without drawing boundaries, I did
not count it as correct. Examples of "correct" and "incorrect" region drawings
are displayed in Figure 19.
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Figure 19. Examples of Question 4 answers. Examples a, b, and c illustrate correct responses for
· each type of map. Example d is incorrect because all high, medium, and low labels are on
counties of the same population density value. Example e is incorrect because less than half the
state is in a region and the student only circled areas of high population. Example f is incorrect
because the student only labeled each county, but did not draw any region boundaries.
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The percentage of students who could correctly draw a region for each
map type is presented in Figure 20.

Question 4: Draw Regions of high, medium, and low
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Figure 20. Correct responses to Question 4

Between one-half and two-thirds of each group was able to group similar values
into regions. A Pearson's chi-square test shows no statistically significant
deviances of correct and incorrect answers for this region-drawing task from what
is expected by chance, t (2, 202) = 2.68, p> .05 (Table 9). To summarize,
students performed moderately well on this task and each map displayed data
equally well to allow students to categorize data into regions.
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Table 9. Chi-square contingency table for Question 4

Incorrect

Correct

Total

Expected Count
Observed Count
Residual

27.9
26.0

40.1
42.0

68
68

-1.9

1.9

Std. Residual

Ma~T~~

Choropleth

Dot

Graduated Circle

-0.4

0.3

Expected Count
Observed Count
Residual

28.4
25.0
-3.4

40.6
44.0
3.4

Std. Residual

-0.6

0.5

Expected Count
Observed Count
Residual

26.7
32.0
5.3

Std. Residual

1.0

38.3
33.0
-5.3
-0.9
119.0

Total

83.0

69
69

65
65

202

Questio n 5: Thinkin g Geographically
Question 5 asked students to generate two questions about the distribution
of the data, a skill necessary to becoming a geographically-informed person as
described by the Nationa l Geography Standards. I determined if a question was
correct or incorrect based on certain criteria. A question was correct if it asked
about the distribution of the data or a pattern recognizable in the data but not
explained by the data. Examples of correct responses include:

a)
b)
c)
d)
e)
j)
g)
h)
i)
j)

How come so many people live by the coast?
Why is the west side so popular?
Why does nobody live in the east?
Why do more people live on the western side ofOregon
instead ofthe eastern?
In the more populated counties, what makes it appealing?
Is the population going up or down?
Why are there more people in smaller counties?
Why do people live in the West/N W Oregon?
What is it like living in a very high populated county?
Why is there so much land and not many people to use?
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k) What kind ofgeographic features make Western Oregon
more desirable to live than in eastern Oregon?
1) How do so many people live in such a small place?
m) Is Oregon~ population like this because ofthe way the land
is?
n) What percentage ofOregon~ population are girls?
o) How does the climate affect the population in that region?
p) How come countries that are large have small population?
q) Why is there on area in the eastern side that has 16-50
people per square mile instead of0-15 like everywhere
surrounding it?
A question was incorrect if it was: a) a geographic question already asked in the
test booklet and that can be derived from the map; b) a question that asked about
symbology and not distribution; or c) an incorrect answer/no answer. Examples
of these three incorrect categories are:
Questions that can be answered from the map:
a) Which county has the highest population in
Oregon?
b) Which counties are most populated?
Questions that deal with symbology:
c) The one dot is big and goes over other counties, do
these counties have 1,000,000 people also?
d) Why are there so many dots spread out?
Other Incorrect Answers:
e) I don't know
j) Is there any eagles in Oregon?
g) Why is Oregon green?
h) Why aren't the counties labeled?
Table 10 provides the division of kinds of both correct and incorrect answers that
students provided. Most students, regardless of map type that they analyzed, were
able to make inquiries about data distributions (Figure 21).
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group
Table 10. Responses to Question 5. The first column describes the percentage of each map
of
counts
raw
describe
columns
two
g
remainin
The
question.
ic
geograph
a
that correctly provided
types of incorrect answers.

Correct

Answers

Mao Type

At least one
correct
geographic
auestion

Incorrect Answers
#of total
answers that are
geographic, but
already asked

#of total
answers that
inquired about
svmboloay

Choropleth

82.3%

7

4

Dot

71.0%

20

2

Graduated

69.2%

19

2

Correct responses to Question 5: Ask a geograp hic
question
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Figure 21. Percentage of correct responses to Question 5.

Of those who did not provide a correct answer, many simply repeate d already
asked questions. These were considered incorrect because the instructions state
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that students' questions should help them gain understanding of what they see in
the data distribution. Nevertheless, about 70 percent of each group was able to
inquire about causations or ramifications of data distributions.
In addition, a Pearson's chi-square test allows us to conclude that the
number of students who were able to ask a geographic question and those who
were not were not statistically different than was expected by chance, X: (2, 202) =
3.57, p> .05 (Table 11). Students performed well at making inquiries about data
distributions and the maps presented data equally well for students to complete
this task. To summarize, students performed well at asking geographic questions
and a chi-square test confirmed that each map displays data equally well to allow
students to make inquiries about data distributions.
Table 11. Chi-square contingency table for Question 5.

Incorrect

Correct

Total

Expected Count
Observed Count
Residual

17.5
12.0
-5.5

50.5
56.0
5.5

68
68

Std. Residual

-1.3

0.8

Expected Count
Observed Count
Residual

17.8
20.0
2.2

51.2
49.0
-2.2

Std. Residual

0.5

-0.3

16.7
20.0
3.3

48.3
45.0
-3.3

0.8

-0.5

52.0

150.0

Ma~T~~

Choropleth

Dot

Graduated Circle

Expected Count
Observed Count
Residual
Std. Residual

Total

69
69

65
65

202
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Question 6: Understanding the Symbolization
Each map groups' Question 6 was different because it required students to
explain how the map works. A student's response was considered correct if he or
she correctly identified the way the symbol showed the data. For example, on the
choropleth map, correct answers included explanations such as:

a) All ofthe map is shaded because it is showing the average
and the map would be very confasing to read ifthe parts
ofthe map were there andforests, lakes, and rivers were
just white.
b) The legend is telling how many people live in each square
mile. It's the average.
c) The map shows an average ofthe area, so ifthe whole
class in one corner and the teacher is in another the
average would be something like 5 people for every square
feet.
On the dot map, explanations such as the following were considered correct:

a) Because one dot is equal to 500, so ifthere is no dot but
people still live there, there are less than 500 people in that
place.
b) The dot represents the population, not the location ofeach
individual.!
c) When there is a dot it probably symbolizes 500 in that
area. Ifan area has only 250 people you can't put a fall
dot there.
On the graduated circle map, answers that were considered correct included
explanations such as:

a) Because it's showing how many people live in the county.
b) Because the circle is just showing how many people are in
each region, not how many people live in the shadow ofthe
circle.
c) The circles tell you the population, not where people live
because ifit did there would be dots almost everywhere.
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Certain examples for incorrect answers included explanations such as:

a) Because people can live around those areas like on house
boats on lakes, or people can live in forests. And the map is
only estimating.
b) There are records ofwhere people live, bought the house and
they can track you down easier.
c) Well, the map is co"ea depending on when they took the
data. Ifthey took the data in example = 1999 it's been a
couple ofyears since that year. Most ofthe forest has been
chopped down. And the population has grown since then.
d) Maybe because not many people live there because it's not a
really good place to live. Or maybe it's because they just want
to live in the middle ofnowhere.
e) Because you probably look on a computer.
j) Because it got data from the computer.
g) I have no idea
h) Maybe the mappers didn't count all the people in the area
because that's hard to do.
Figure 22 summarizes the percent of each group that correctly explained the map
symbolization and illustrates a poor performance on this task for students
analyzing the choropleth and graduated circle maps. A Pearson's chi-square test
produced statistically significant results, t (2)

=20.77, p<.05 (Table 12).

The

standardized residuals reveal that students performed better on dot maps than
expected and performed about as expected on the choropleth and graduated circle
maps. To summarize, about one third to one half of each map group was able to
explain their map's symbology. Additionally, the dot maps allowed students to
explain how dot maps worked statistically better than would be expected
compare d to the symbolization of the choropleth and graduated circle maps.
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Correc t respon ses to Quest ion 6: Explain the map
symbology
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Figure 22. Percentage of correct responses to Question 6

Table 12. Chi-square contingency table for Questi on 6.

Incorrect

Ma2T~~

Chor oplet h

Dot

Grad uated Circle

Expected Count
Observed Count
Residual
Std. Residu al
Expected Count
Observed Count
Residual
Std. Residu al
Expected Count
Observed Count
Residual
Std. Residu al

Total

37.7
46.0
8.3
1.4
38.3
23.0
-15.3
-2.S
36.0
43.0
7.0
1.2
112.0

Correct

30.3
22.0
-8.3
-1.S
30.7
46.0
15.3
2.8
29.0
22.0
-7.0
-1.3
90.0

Total

68
68

69
69

65
65

202

65

Student Demographic Characteristics
In order to see if students' age, gender, teacher, or class were associated

with their performance, I calculated an overall performance score for each student
(Figure 23).
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Figure 23. Overall performance by map group.
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A student's overall performance could rank from 0 (no answers given to
Question 1through5 were correct) to 5 (all answers to Question 1through5 were
correct). The figures illustrate that dot maps' overall scores cluster at the higher
end of the range, the choropleth map scores cluster at the mid-to-upper end of the
range, and the graduated circle overall scores cluster at the mid-range of scores.
Table 13 displays percentages of overall scores and indicates that students
performed better on the dot map and worse on the graduated circle map.
Table 13. Overall performance by map group. Values in each cell indicate
percentage of their respective group.

Map Type

All Correct

At least 4
questions
correct

Choropleth
Dot

11.8
20.3
1.5

55.9
55.1
35.4

Graduated Circle

At least 3
questions
correct

82.3
88.4
78.4

A Pearson's chi-square test determined that there is a statistically significant
difference on performance across all tasks from what would be expected, t (6,
202) = 16.21, p<.05 (Table 14).
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Table 14. Chi-square contingency table for overall scores. The overall scores ofO, 1, and 2
were combined into one column/ score because these values were so low for all three map
types.

Overall Score

Ma~T~~

Choropleth

Dot

Graduated
Circle

Expected Count
Observed Count
Residual
Std. Residual
Expected Count
Observed Count
Residual
Std. Residual
Expected Count
Observed Count
Residual
Std. Residual

Total

0,1,2

3

11.4
12.0
0.6
0.2
11.6
8.0
-3.6
-1.1
10.9
14.0
3.1
0.9
34.0

23.2
18.0
-5.2
-1.1
23.6
23.0
-0.6
-0.1
22.2
28.0
5.8
1.2
69.0

5

Total

25.6 7.7
30.0 8.0
4.4 0.3
0.9 0.1
26.6 7.9
24.0 14.0
-2.6
6.1
-0.4 2.2
7.4
24.5
1.0
22.0
-2.5 -6.4
-o.s -2.4
76.0 23.0

68
68

4

69
. 69

65
65

202

The standardized residuals reveal that students performed better than expected on
dot maps and worse than expected on graduated circle maps, while performance
on choropleth maps was not different than expected by chance.
I then ran a Pearson's chi-square test to see if overall performance on the
survey and age, gender, teacher, or class were associated with each other. None
of the test results were significant as reported in Table 15.
Table 15. Chi-square values of tests between characteristics and overall performance.

Significant

Column
Variable

X2 Value

df

(at the .OS
level)

Teacher
Age
Gender
Class

5.57
12.41
9.47
29.5

15
15
5
35

No
No
No
No
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Because this finding explains that students' overall performance score was
independent of their teachers, ages, genders, or classes, it is easier to generalize
this study's results to a broader population of sixth-graders.

Chapter Review

Each question in the survey required students to perform different map
reading tasks that require different levels of skill. The ability to interpret
symbolization required two steps. Between 91 percent and 97 percent of each
map group was able to correctly tell which of two counties had the higher
population (Question 3), but less than one third of each map group could correctly
provide an exact value for a specified county's population with dot map readers
doing better than expected on this question (Question 1). The students performed
better on Question 2 that asked them to identify a county that probably has a large
city in it, with between 90 percent and 95 percent of each group correctly making
inferences from the map data. Students also were able to class similar data values
into regions, with between 50 percent and 63 percent of each group correctly
completing Question 4. Between 70 and 82 percent of each map group was able
to inquire about patterns present in the data as illustrated from Question 5 results.
When the students' overall scores were combined for the entire exercise, those
analyzing the dot maps did statistically better than expected by chance and those
reading the graduated circle maps did worse than expected. However, those who
analyzed the choropleth maps performed no differently than expected by chance.
Finally, overall performance was independent of a student's teacher, class, age, or
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gender; allowing these results to be more likely generalized to the entire
population of sixth-graders.

70

CHAPTERS:
ANALYSIS AND DISCUSSION

The results indicate that students performed well, with the exception of
Question 1, on the map-reading tasks. This chapter will discuss the results and
explain if they provide support for or against the four hypotheses. It will also
explore additional questions that the results uncovered about what children do
and do not understand about the three thematic maps.

Interpreting the Symbolization: Questions 1 and 3

Interpreting the symbolization on maps is one of the first steps needed to
understand the distributions they depict. Questions 1 and 3 test students on their
abilities to execute these primary tasks and results provide support for Hypothesis
1:

Sixth-grade students can interpret symbolization on
graduated circle maps, dot maps, and choropleth maps.

Hypothesis 1 is supported by the finding that between 91 percent and 97 percent
of students in each map group correctly answered Question 3. They had to make
decisions about which county had a higher population than the other and the
results illustrate they can interpret map symbology. Additionally, all three map
symbologies displayed data equally well for students to answer this question as
revealed by the insignificant chi-square test result. However, the very low
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percentage of students able to correctly answer how many people live in Wheeler
County (Question 1) suggests that students need additional work with these three
map types to become proficient at thematic map reading.
Question 1 would appear to be a basic, if not simple, question. It requires
students to interpret the map symbology using the map key to identify the number
of people living in Wheeler County. Yet, the performance on this task yields two
surprising results.
First, students performed very poorly on this task, with under one-third of
each group obtaining the correct answer. One possible explanation for poor
performance is that students may need additional work at extracting ratio-level
values from maps. More students were able to correctly answer the ordinal data
question (Question 3) than the question concerning exact values (Question 1).
This seems logical because the abilities to use ratio data is taught to students after
they grasp ordinal data concepts. For example, students are first taught to count
(they understand the number 10 comes after the number 9 because it is larger)
before they are taught to multiply and divide. However, because there were
students who could correctly extract the answer of about 1,500 people from the
maps' symbologies to answer Question 1 in addition to the many students who
could answer Question 3, the low score on this task may mean that students need
additional practice with data extraction. Additionally, it may mean that there is a
better explanation for poor performance on Question 1.
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Another explanation of such a poor performance on this task might stem
from problems understanding how to interpret and apply the map key. As
illustrated in Figure 24, map keys do not display every data value found on the

Dot and Graduated Circle

Choropleth

~

Range of Map Values

~

Figure 24. Range of map values covered by each map legend. The dot and graduated circle
map keys only provide five examples of the continuous range of values found on the map,
while the choropleth map key covers all values displayed on the map.

map unless it is a choropleth map. In the dot and graduated circle maps, students
are only given five values in the wide range of map values and are expected to
extrapolate or interpolate values to determine the majority of the values found in
the map data.
A high percentage of students recorded the lowest value provided in the

graphic map key as the answer to the question (Figure 25 and Table 16). This may
indicate that students approach map data interpretation as a multiple choice task.
In other words, students expect the map key to contain all values that are present
on the map. Because there are so many values presented in dot maps and
graduated circle maps, rarely do the graphic map keys show every single data
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Choropleth Map Key
People per square mile
0-1 5

16-50

51-100

101-625

626- 151 8

Dot Map Key

Lowest
Values

----1,£2,.1

17::-::1

L.::':2:J

5,000 peopl e

10,000 people

~
~

50,000 people

100 ,000 people

Graduated Circle Map Key
•
10,000 people

•

•

100,000 people

50,000 people

•

500 ,000 people

1,000 ,000 peopl e

Figure 25. Lowest value in each map key. The key in the dot map shows 1,000 people as the
lowest value (although the verbal description explains that "one dot= 500 people") while the key
in the graduated circle map shows 10,000 as the lowest value. Cartographically speaking, this does
not mean that the lowest value found on the map is the lowest value in the key. In the choropleth
map, 0-15 people per square mile is the lowest value, but is also the answer because there are only
five values on the map and all can be included in the key.

Table 16. The percentage of students within each group that wrote the lowest value
in their map's key as the answer to Question 1. In the dot and graduated circle maps,
this is an incorrect answer. However, in the choropleth map it is correct because the
choropleth map only has five values and all can be displayed in the key.

of each group
that put lowest
value as answer

010

Lowest value
in ke

e

Dot

1 000

36.2

Graduated

10 000

56.9

Chore leth

0-15 eo le/mi 2

17.6

Correct
Answer for
uestion 1?

No
No
Yes
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value used on the map. Judging from the results, students might not understand
that the map key is intended as a guide from which map-readers derive data
values.
Nonetheless, we should be hesitant to assume these are only problems
observed with children. A third explanation may be that adults may make these
same mistakes. However, we cannot support this explanation with tested
evidence, but instead offer this explanation as a direction for future research.
Therefore, we should look at the positive side of these results and work to improve
map keys so that map readers are aware of how to use them. The findings to
Question 1 illustrate that students can locate a county on the map, identify that it
contains a low number of people, and consult the key for an answer; showing that
they do recognize that the key will help them "unlock" the map's data, but need
help understanding how to interpret and apply the map key.
The second unusual finding from Question 1's statistical results is that
students can extract values better than expected from dot maps. This should be
alarming because traditionally it is more difficult for people to determine exact
values from dot maps (Provin 1977). When there are countless dots coalescing
into an area, it is impossible to judge the exact number of dots and therefore one
must make a best guess. In the exercise used in this study, the county from which
students extracted data values only contained three dots. A student can easily
distinguish these three from one another and use simple math to derive the exact
value. Therefore, this result probably cannot be generalized to explain student's
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ability to extract all data from dot maps. If we were to test if students could
correctly identify a heavily populated area, we would probably see different
results. Yet, although this finding may not be useful to determine if students can
extract all values from dot maps, it does explain that those analyzing the dot map
do understand how to extract data values from the symbols.
Although the high percentage of students to answer Question 3 allows us
to support Hypothesis 1 that sixth-grade students can interpret all three map
symbologies, it also requires us to be aware that children need additional practice
with more advanced map reading skills, as illustrated by the low percentage of
students able to correctly answer Question 1. This should not be a surprising or
discouraging result because sixth grade is the grade level that begins the process of
meeting the eighth-grade geography standards. Therefore, students have two
more years before they reach eighth grade in which they will be tested on these
skills. Identifying deficiencies that affect the early stages oflearning will only
allow for more improvement as the sixth-graders progress through middle school.
Additionally, it may be an issue with map design and may indicate that
cartographers should work on developing more intuitive map keys.
Making Inferences: Question 2

Making inferences from map data is the next step that bridges the ability to
read data from a map and make educated hypotheses about it. This research
tested if students could perform this task with Question 2 that asked them to
identify a county that would most likely have a large city in it. The high
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percentages of students in each map group to correctly answer this question
provides support for Hypothesis 2:

Sixth-grade students can make inferences by analyzing
information on graduated circle maps, dot maps, and
choropleth maps.

Additionally, answers for each map group did not deviate from expected
counts, indicating that the three map types displayed data equally well for
students to make inferences. Two trends appeared in the data for Question 2 that
can be investigated further. First, students most frequently identified Multnomah
County as the place that contains a large city (Table 17).
Table 17. Percentage of students who
marked Multnomah County for Question 2.
Percentage

Map Type

Choro2leth

80.9

Dot

72.5

Graduated

80.0

Because the percentages show this tendency was consistent for all three
map types, we must ask why students chose Multnomah County. From the data
collected, it is impossible to provide a definite answer. Students could be familiar
with Oregon's geography and know that Portland is Oregon's largest city and is
located in Multnomah County. Conversely, they could have marked Multnomah
County as a direct result from studying the map. One way to identify if prior
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knowledge introduced bias into this test is to compare those students' answers
who live near Portland and those who do not.
Although no subjects of this study lived in Portland city proper, five classes
of students live in the Portland metropolitan area and may be more familiar with
which county Portland resides than those living in Eugene. However, a Pearson's
chi-square test revealed that students' location (Portland Metro Area or Eugene)
had no association with whether they marked Multnomah County as the one that
was most likely to contain a city,

t (1, 202) =2.58, p>.05 (Table 18).

Table 18. Chi-square contingency table for location of students and those who marked
Multnomah County for Question 2.

Location

Portland Metro
Area

Eugene

Expected Count
Observed Count
Residual
Std. Residual
Expected Count
Observed Count
Residual
Std. Residual

Total

Marked
Multnomah

Did Not
Mark
Multnomah

27.6
23.0
-4.6
-0.9
17.4
22.0
4.6
1.1
45.0

96.4
101.0
4.6
0.5
60.6
56.0
-4.6
-0.6
157.0

Total

78
78

124
124

202

I should note that this is not a fool-proof test because even those students
who attended Eugene schools may be aware of Portland's location and mark
Multnomah County as a result. Further investigation using a map that students
are completely unfamiliar with is needed to be certain they chose Multnomah
County as a result of analyzing the map data. This was advised against for this
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study because we felt students needed a map of a location they could identify
themselves with so they felt more comfortable and invested in answering
questions.
Although most students were able to provide the correct answer for
Question 2, there were fourteen students who provided incorrect answers to
Question 2. The second trend that appeared in the data was that half of those
students who gave incorrect answers, or seven total, marked either Harney, Lake,
or Lane Counties as the county most likely to have a city in it. This is worth
noting because these three counties have three of the largest areas in Oregon.
Their answer, then, may either be a result of chance or, alternatively, problems
with what Piaget refers to as conservation (as described in Chapter 2). Piaget
suggested that students who have not mastered conservation do not understand
that an object's position or arrangement in space does not affect its physical
properties (such as population). Therefore, these students may have difficulty
understanding that because one county is larger than another does not mean that
its population must also be larger.
Although further testing is needed to test this phenomenon, we should
instead focus on the findings indicating that the three maps displayed data equally
well from which students can make inferences.
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Spatial Pattern Recognition: Questio n 4

Anothe r task that follows symbol interpretation is the ability to classify
similar symbol values into groups. Question 4 requires students to draw regions
around similar data values to indicate areas of highs, mediums, and lows.
Between 50 and 63 percent of each map group was able to identify regions and
provides support for Hypothesis 3:
Sixth-grade students can identify and classify regions of
similar values on graduated circle maps, dot maps, and
choropleth maps.

Although the percentages are not overwhelmingly convincing, more than half of
each group was able to classify regions. Additionally, many students who were
considered unable to classify regions showed precursory steps to being able to do
so. These findings are explained below. Of those students who were not counted
as able to correctly draw regions, many of them labeled each county and drew no
lines as illustrated in Figure 26.
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Figure 26. Examples of county labeling provided by students. The three examples in the left
column illustrate the phenomena oflabeling each county without drawing any regions, while the
examples in the right column show proper region labeling.
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Figure 27 summarize these statistics and illustrate that a high percentage of
students only labeled counties without identifying large regions. A Pearson's chiIncorrect answers that labeled just counties
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Graduated

Figure 27. Percentage of incorrect answers that only had labeled
counties.

square test of the students who simply labeled each county instead of drawing
regions showed no differences than expected by chance, t (2, 83) = 1.06, p> .05
(Table 19).

In other words, the chi-square test result indicates this was an

occurrence consistent for all three maps and may reveal a few problems we should
be aware of. Students may have misinterpreted the question and thought they had
to label each county. This may be caused by the last sentence in the question that
instructs students that, "When you get done, every place in Oregon should be in a
high, medium, or low region."
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Table 19. Chi-square contingency table for those of the incorrect answers labeled each
county.

Map Type

Expected Count

Choropleth

Observed Count
Residual
Std. Residual

Dot

Expected Count
Observed Count
Residual
Std. Residual

Graduated Circle

Expected Count
Observed Count
Residual
Std. Residual

Total

Incorrect

Only
Labels

13.2
14.0
8.3
0.2
12.7
14.0
-15.3
0.4
16.2
14.0
7.0
-0.5
42.0

12.8
12.0
-8.3
-0.2
12.3
11.0
15.3
-0.4
15.8
18.0
-7.0
0.6
41.0

Total

26
26
25
25
32
32
83.0

Another explanation could be that students were distracted from identifing
regions because they were focused on interpreting each symbol. If this was the
case, then this might be the precursory step to identifying regions similarly to what
Lange-Kuttner (2006) discovered. As described in Chapter 2, Lange-Kuttner
found that younger children have difficulties creating a plan to scan an entire page
of data in order to classify symbols into groups. Instead, they get distracted by
interpreting symbols and this affects the way they classify. If students practice
more and develop their spatial cognitive skills, the next logical step would be to
classify those individual values into regions.
Over half of each map group was able to delineate regions. Of those
students who were able to identify regions, two notable trends appeared. First,
students either drew boundaries around symbols or they drew boundaries directly
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following county boundaries as illustrated in Figure 28. This was an occurrence
common to all three map types (Figure 29).

Regions Follow Boundaries

Regions Follow Symbols
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Figure 28. Examples from students illustrating region lines following county boundaries.
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Correct answers that followed county boundaries
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Figure 29. Percentage of correct answers that followed county boundaries.

Although some students in all map groups used county boundaries as the division
line, those analyzing the choropleth map did so at a much higher rate. A
statistically significant Pearson's chi-square test reveals that the number of
students who drew lines directly on county borders exceeded what was expected
by chance, i (2, 119) =36.19, p<.05 (Table 20). The standardized residuals
indicate that students more often drew lines/ circles directly on the county borders
of the choropleth map regions and drew lines/ circles directly on county borders of
the dot map less frequently than expected.
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Table 20. Chi-square contingency table for region boundaries to follow county borders.

Did not
draw on
boundaries

Drew on
county
boundaries

Expected Count
Observed Count
Residual

22.2
7.0
8.3

Std. Residual

-3.2
23.3
35.0
-15.3
2.4
17.5
21.0
7.0
0.8
63.0

19.8
35.0
-8.3
3.4
20.7
9.0
15.3
-2.6
15.5
12.0
-7.0
-0.9
56.0

Map Type

Choropleth

Dot

Expected Count
Observed Count
Residual
Std. Residual

Graduated Circle

Expected Count
Observed Count
Residual
Std. Residual

Total

Total

42
42

44
44

33
33

119.0

This could be explained by a few possibilities. First, the beginning
questions in the survey ask about counties (i.e. which county has a higher
population, which county probably has a city, etc.). We could have "primed"
students to think in terms of county boundaries. Another logical explanation is
the inherent properties of the symbols. In a choropleth map, the entire county is
shaded a uniform color and the county border serves as the edge of the symbol.
The dot and graduated circle maps leave spaces on the map between the symbols
that allows students to make decisions about where to draw the line: on the
county border or around the symbols.
If this phenomenon is not a result of priming students to think within

county boundaries, it might suggest that divisions such as county boundaries
provide logical breaks for students, which may or may not be conducive to
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geographic learning. In some cases, it may be important to identify phenomena
by county, but in most cases it is important to recognize geographical distributions
beyond arbitrary political boundaries. Cartographers should be aware of this
finding that children group based on county boundaries because cartographers
frequently include political boundaries for reference information, especially in
children's literature.
The second pattern visible in the data was the number of regions students
drew as summarized in Table 21. Because Question 4 allowed students to draw as

Table 21. Summary statistics for number of regions drawn.

Ma~ T~~e

Mean# of
regior::is

Median

Minimum

Maximum

Standard
Deviation

Choropleth

5.78

3

3

36

6.47

Dot

6.30

3

3

36

7.96

Graduated

7.03

3

3

36

8.99

many regions as they deemed appropriate, there were multiple correct responses
that were accepted as long as they correctly labeled the regions. The graduated
circle map has both the highest mean number of regions and the largest standard
deviation, the dot map second, and the choropleth the least number of regions.
However, a one-way ANOVA test on the number of regions drawn between
regions produced no statistically significant results, F (2, 199) = 1.01, p>.05. One
might expect that the dot map would have the highest number of regions because
it has essentially an infinite amount of "symbol values." In other words, it
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graphically presents the strongest image of "numerousness" because map readers
are required to count many discrete symbols. Because the visual task of the dot
map is to identify density values of the data, there are an infinite number of
regions of different densities that can be identified on the map.
Following this logic, one might expect the graduated circle map to have the
second highest number of regions because it has the next largest amount of
symbol values. In the graduated circle map, each circle is a different size because
each county population is different. This results in 36 different symbol sizes.
Lastly, the choropleth map only provides five symbol values because it
classes data into groups. Therefore, we might expect students to see fewer regions
on the choropleth map. Yet, the ANOVA test reveals that the groups were not
statistically different. Thus, we can conclude the maps presented data equally
well for students to identify regions of similar values.
To summarize, more than half of each group was able to correctly interpret
symbology and categorize similar values into regions. Also, many students
showed precursory steps to being able to draw regions. Those students analyzing
the choropleth map drew region boundaries directly on county borders at a higher
frequency than expected compared to the dot and graduated circle maps.
Nevertheless the three map types presented data equally well for this task. These
findings provide support for Hypothesis 3 that students are able to class similar
values into regions on choropleth, graduated circle, and dot maps.
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Thinking Geographically: Question 5

One skill that illustrates that a student has understood the data is the ability
to take that comprehended data and inquire why or how the data patterns exist.
Question 5 illustrates students have developed skills essential to geography's
methodologies and the results support Hypothesis 4:

Viewing symbologies on these maps can help
students formulate geographic questions.

Between 69 and 82 percent of each map group was able to provide at least
one geographic question that inquired about data patterns, supporting Hypothesis
4 that sixth-graders can generate geographic questions by viewing map
symbologies. Additionally, all maps presented data equally well for this task as
determined by an insignificant chi-square test result.
The ability to ask questions about the data derives from the ability to
identify distributions and patterns on maps. It would seem logical that questions
about patterns and distributions would be more easily obtained from dot maps
because dot maps most closely resemble the actual patterns and distributions of
the data. However, students' performance on asking a geographic question about
the data did not statistically deviate from performance expected by chance,
suggesting all maps displayed data equally well for this task. Although this
finding strays from what we might expect, it is encouraging for educators because
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it illustrates that all three maps are equally useful for showing distributions that
will lead to further inquiry of the data.
Additionally, the types of questions students asked were similar no matter
the type of map students read (Table 22). This was verified by a Pearson's chiTable 22. Types of correct questions asked. Most students asked about why the
western part of the state was more populated than the eastern (West vs. East). However,
others asked whether physical geography such as weather or landforms explains why
people live where they do (Physical geography), why there is a trend for counties with
small areas to have the largest populations (Many in small places), or about whether
population has always remained this way (Movement/change).
Map Type

Dot

40
32

Graduated

25

Chorooleth

Many in small
laces

West vs. East

8

5
4

Movement
/chanae

5
2

3

13

1

1

square test that produced no statistically significant results. The most frequent
question in the data was something similar to, "Why is the western part of the
state more populated than the eastern side?"

An unexpected pattern was obtained from this question that does not
directly correspond to the hypotheses, but is important to note as evidence of map
learning. Eighty-eight students used cardinal directions in their questions,
although the map did not include a directional arrow. Out of the 88 who used a
directional comparison, only four of them did not use cardinal direction names
and instead used phrases such as "upper left" or "bottom right." Additionally,
everyone who used a cardinal direction, did so correctly; illustrating that by sixth
grade, many students are skilled in orientation. This finding may be a result of
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early exposure to and practice with general reference maps in previous
educational exercises.
The results obtained from Question 5 allow us to conclude that all three
symbologies display data effectively so that students can formulate geographic
questions equally well for each map. Yet, there is still more room for
improvement as students progress through their middle school curriculum.
Teaching students how to identify patterns on maps and inquire about the
patterns' existence is a crucial step to having them become well-rounded
geographic thinkers. Fortunately, many sixth-graders seem to be well on their
way to being competent at this task as illustrated with the results from Question 5.

Understanding the Symbolization: Question 6

The results of Question 6 that asks students to explain their map's
symbolization suggest that all maps were equally challenging to students.
However, because this was a question intended to help clarify other answers, it
was not directly counted as identifying if a student could interpret, infer, classify,
and inquire about the map data. Additionally, I would be surprised to find that
adults could perform better on this map-reading task because the ability to explain
in one's own words how the map works is difficult. Taking that into
consideration, educators should be encouraged that at least a third of students in
each map group can explain their map's symbology.
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Overall Performance
Students' overall performance, as measured by the summation of correct
answers of Questions 1 through 5, allows us to conclude that students can
understand the three thematic maps. Statistically speaking, students perform
better on dot maps and worse on graduated circle maps than expected by chance.
This indicates that the dot map is the most effective, but this result should be
evaluated cautiously. Nearly all students were able to correctly answer more than
half of the five questions, no matter which map type they analyzed. This indicates
that all three maps can be used in classroom skill instruction, but it might suggest
that if one were to give a presentation to sixth-graders, one might use a dot map to
display data because more students would understand more aspects of it as a
whole than one of the other two maps. However, it does not mean that the other
two maps should be taken from the curriculum, because students do understand
them. Only two students were not able to correctly answer any questions about
the map. Although students performed best on the dot map, the other two map
types still worked and students were able to read and interpret them, making all
three map types viable as communication devices.

Student Demographic Characteristics
Students' overall performance and student characteristics (i.e. class,
teacher, age, gender) have no associations as determined by an insignificant chisquare test, allowing us to conclude that students' overall performance is
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independent of these four traits. Of greatest concern to most researchers·is gender.
This study revealed no difference in performance between girls and boys. This
may be a result of today's society providing similar situations to both genders than
societies may have in the past.
Secondly, a student's performance was independent of his or her teacher or
class. This result allows us to conclude that different methods of instruction and
classroom skill-level are not associated with students' abilities to read these
quantitative thematic maps. More importantly, it allows us to understand that
sixth-graders have been influenced by many teachers and other educational
experiences inside and outside the classroom. Thirdly, there was no association
between age and performance. However, most students in sixth-grade are 11 and
12 years old and Piaget would predict that at the same age students would be at
similar levels of development. Because overall performance had no association
with gender, teacher, class, or age, we can more easily generalize our findings to
the broad population of Oregon sixth-graders.

Summary

Overall, students performed better than expected at analyzing dot maps
than choropleth or graduated circle maps. Although this finding is important, the
performance of each task may be more useful for educators to design curriculum
or cartographers to improve map design for children. The summary of the four
tasks' performances are outlined in Table 23. It illustrates that students can
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understand these three thematic maps and use them to advance their geographic
skills.

Table 23. Hypothesis overview.

Hypothesis

#1: Interpret
symbology

#2: Make
Inferences

#3: Draw Regions

#4: Ask QuE;!stions

Was the
Hypothesis
Supported?

What Evidence?

Any performance
deviances by
map type?

Yes

90% of students
answered Question 3
correctly. However,
between 3 and 35% of
each group answered
Question 1 correctly,
showing that students
do need more practice
with this task.

On Question 3, no.
On Question 1, yes.
Dot map performance
was better than
expected and
graduated circle was
worse than expected

Yes

Between 90% and 95%
of each group was able
to answer Question 2
correctly.

No

Yes

Between 50% and 63%
of each group correctly
drew regions as
required in Question 4,
while others showed
precursory steps to
correctly perform this
task.

No

Yes

Between 70% and 82%
of each group was able
to ask a geographic
question about the map
data

No
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CHAPTER6:
RECOMMENDATIONS AND CONCLUSIONS

The .findings of this study support the four hypotheses that show students
can understand quantitative thematic maps. Results support Hypothesis 1 that
students can interpret symbology from the three maps. Nearly 90% of students in
each map group were able to interpret their map's symbology to determine which
of two counties had the higher population. However, a low percentage of each
map group was able to correctly extract data values from one county's
symbolization, with dot maps statistically being easier for students. The results of
these two tasks together suggest that sixth-graders can interpret map symbology,
but need additional practice understanding higher-order tasks of extracting exact
values, which may or may not be a problem unique to sixth-graders.
Nevertheless, teachers should recognize this deficiency and develop
strategies to aid students with this task. To do this, teachers could begin teaching
students how to extract data from dot maps because students obtained data values
more frequently with this type of map. Following Vygotsky's theory of
scaffolding, once students understand how to extract data from dot maps, the
choropleth and graduated circle maps' symbology could be compared and
contrasted to the dot map's in order to help students understand how to read data
values from these more difficult maps. This strategy might improve students'
abilities to extract exact data values from maps.
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The finding that nearly three quarters of students in each map group were
able to identify a county that probably has a city in it supports Hypothesis 2 that
students can make inferences from the three maps. The results indicate that there
is still room for improvement on this map reading task, especially if students were
able to answer this question as a result of being familiar with Oregon's population.
With this understood, educators can slowly guide students to be proficient at this
task. First, an Oregon teacher could provide his or her students with a population
map of Oregon because students can identify with the state in which they live..
Then, the teacher could emphasize how Portland is located in Multnomah
County and how the county's symbology explains why a city might be located
there. Next, the teacher could provide another map that depicts an unfamiliar
region to the students. The teacher could point out similarities of this map with
the Oregon map and then allow students to infer from the data on the unfamiliar
map. Again, employing Vygotsky's theory of scaffolding, students should
gradually improve their abilities to make inferences in addition to gaining a more
comprehensive understanding of the maps' symbologies and distributions they
present.
The finding that over 50% of students in each map group were able to
correctly draw regions, with more showing precursory steps to being able to
identify regions, supports Hypothesis 3. Students' performance on this task
showed no deviations from what is expected, suggesting the three map
symbologies displayed data equally well for allowing students to categorize
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similar values into regions. Educators can direct students in specific areas to
improve students' abilities to complete this task. For example, if the students'
inability to draw regions was caused by the inability to understand the symbols
instead of the way the question was phrased (as discussed in Chapter 5), then
teachers may want to follow advice from Lange-Kuttner (2006) for this task. This
would require teachers to instruct students to study the overall map before they
focus on one symbol. Additionally, teachers may demonstrate how to draw
regions to illustrate this skill and then instruct students to work on their own with
other maps. Nevertheless, students are at the beginning stages of using these
thematic maps to identify regions.
The finding that three quarters of each map group was able to generate a
geographic question supports Hypothesis 4. Performance on this task did not
deviate from what is expected by chance, suggesting each map was equally
effective at displaying information to allow students to inquire about certain data
patterns. This should be encouraging to geographers because this shows that
students not only understand different map symbologies, but can use them all
equally well to identify patterns and question distributions, illustrating that they
are developing skills essential to the discipline of geography.
The results from all five tasks, in addition to the overall combined score
results, indicate that sixth-grade students do understand quantitative thematic
maps. Therefore, we can argue that these maps should be used more frequently in
school curriculum to help develop students' map skills to ensure they develop
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spatial cognitive abilities essential to geography. Additionally, if sixth-grade
students practice with these types of maps, by the time they reach eighth grade
where they will be tested on these abilities to meet state standards, they will be
proficient at using quantitative thematic maps.
Overall, these results yield certain recommendations for educators and
research opportunities for cartographers. One recommendation to curriculum
planners and educators is to integrate map work into other subjects such as math.
In schools, there are many subjects that need to be taught, each competing for
precious classroom time. Therefore, only the most important concepts and skills
are taught within each discipline. If we combine concepts of certain subjects, we
save time and therefore students can be exposed to more content. This would
work well with maps. For example, students will be taught fractions and other
complex computations in math, which could be paired with map work. Students
could compute population densities for each county in Oregon. This would allow
them to practice multiplication and division skills. Then, they could classify the
data values into groups to determine the symbol to apply to each county. This
will introduce the concept of mathematical ranges and illustrate different methods
to measure central tendency. Using such exercises will provide three benefits.
First, it will supply students with real-world data to work with which makes
learning the mathematical methods more applicable. Secondly, it will apply math
skills to a graphic that will help visual learners understand the often-difficult
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mathematical concepts. Third, it will allow teachers to introduce more
quantitative maps for practice.
Another recommendation to educators is to instruct students how thematic
maps are actually made by cartographers or have students make maps themselves
as a means to learn what is required to produce specific types of maps. After the
students took the survey, I explained to them how each map showed the same
data, but used different symbology to do so. I then highlighted the strengths and
weaknesses of each map, to which students were completely intrigued. Once they
realized each map had negative attributes to it, they began to raise their hands to
offer suggestions on how a cartographer could improve the design for more
effective communication. This enthusiasm displayed in each class suggests that
once students understand how a map is created, they seem more likely to
understand how to read it. Thus, it might be a useful strategy for teachers to
employ mapmaking as a way for children to understand maps.
Cartographers can also aid students by working to improve the clarity of
specific map elements. This study indicates that students' performance may be
affected by map key misunderstanding, so a recommendation to cartographers is
to design alternative map keys for children. By using map keys such as the three
presented in Figure 30, cartographers may be able to provide a missing link
between replicative symbols and abstract symbols. The three map keys also take
into consideration that students had problems understanding that map keys on dot

99

GRAPHICAL KEY FOR DOT MAP

•
one dot
Range of map values

<1

)

I

C3

~•

10 people

SO people

l l
l l l
l t t t t

1W'*~

m

150 people

100 people

200 people

• • •

As the dots get closer together, the more people live in one space.
These are five examples.

GRAPHICAL KEY FOR CHOROPLETH MAP

... ~
. ·.: ·.
...........
.

,/':•·""··
.~=-~
...,•i:.:-=--:·
,-,,.
:.-:.·
·~.·
.-=·.

16 people
in this square mile

84 square miles
in this county

1 square
mile

one county that is
84 square miles

GRAPHICAL KEY FOR GRADUATED CIRCLE MAP
Range of map values

(

•
10 people

t'J~

•

•

)

Every county has a different size circle to match the number of people
that live there. These are five examples.

Figure 30. Examples of supplemental map keys. All three use pictorial symbols in coordination with the more abstract symbols used on the map. The dot map key attempts to illustrate
the concept of density while showing that the five values presented in the key are five from
many found in the "range of map values" bar. The choropleth map key attempts to illustrate
the meaning of "people per square mile" through a simple example. The graduated circle key
attempts to illustrate that the size of the circle is directly proportional to the number of people
present and that the five values are only five of many actually found on the map.
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and graduated circle maps depict only five values from a continuous range and
that choropleth map keys display population density. Instead of providing the
traditional map keys given to students in the survey, we could test the
effectiveness of alternative designs such as those presented in Figure 30. Although
these suggested map keys in Figure 30 may not depict the intended ideas most
effectively, they offer one alternative option for each map that cartographers can
test. Additionally, they illustrate that there are different approaches to making
map keys, leaving an uncharted territory for cartographic researchers to explore.
Lastly, because middle school students can understand thematic maps,
more specific standards should be written to ensure children are exposed to
numerous types of maps. Perhaps before we pursue this endeavor, researchers
might test if children are able to grasp geographic concepts such as regional
patterns better if they simultaneously viewed more than one type of map
displaying the same data. I would suspect children could compare and contrast
how data is shown on the multiple maps to gain a more comprehensive
understanding of the data. If this is found to be true, then it might provide a
stronger argument to advocate that geography standards include a requirement for
students to use a number of specifically identified quantitative thematic maps.
Nevertheless, the results obtained from this study suggest that the reason
quantitative thematic maps are underrepresented in textbooks is not because
students do not understand them. If this is the case, we can pose the question, "If
students understand thematic maps, why aren't they used more frequently in
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school curriculum?" Students can use common quantitative thematic maps,
specifically choropleth, dot, and graduated circle maps, to practice geographic
skills such as pattern recognition, region formation, and geographic questioning.
In addition, when they do use these quantitative thematic maps, they practice
with numerical spatial data-data of greater potential information content than
found on qualitative thematic maps. If we begin to trust that students do
understand these quantitative thematic maps and can use them to refine their
geographic skills, we will have them on the road to becoming inquisitive
geographers.
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APPENDIXB:
MAP CREATION METHODOLOGY

Data
The Oregon county population dataset that was used in each map was
downloaded from the United States Census Bureau (2000). The summary
statistics for Oregon's population by county is described in Table Bl.

Table Bl. Summary statistics of population in the 36 Oregon
counties. The results illustrate the wide range of county
population values.
People per

Statistic

Coung

Min:
Max:
Range:
Mean:

1,547
660,486
658,939
95,039

Median:
Mode:

39,595
None

The data has a large range, and similarly to much geographic data, is positively
skewed, meaning that there are more counties that have low to medium
population values and very few that have extremely high values. This poses
some design issues that have to be addressed differently by each symbolization
method.
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Dot Map

Dot maps have often been referred to as the "simplest" point-symbol map
because the placement of dots reduces abstractness of symbols (Jenks 1974).
Although it may appear to be a "simple" map, there are many design issues
including symbol size, value, placement, and visual hierarchy that have to be
addressed by the cartographer to produce a clear map for the reader.
To show the Oregon population data, I chose one dot to represent 500
people based on the guideline that a dot value should be chosen so that the area
with the fewest data counts is represented by at least 2 to 3 symbols (Mackay
1949, Dent 1996). Wheeler County only has 1,547 people. One third of that
value is 500, which happens to be an easy, round number that people understand.
Once I determined its value, I then had to decide where to place the dots
within the county boundaries. Symbols in dot maps must be placed so they

.

represent locations where phenomena most likely occur (Dent 1996). I chose to
use the forest shapefile from the Oregon Geospatial Clearinghouse to provide a
rough estimate of where dots should not be concentrated. Then, I used the city

boundary shapefile, also from the Oregon Geospatial Clearinghouse, to aid in dot
placement and concentration.
Once the dots were placed, I had to choose a dot size that would show the
densest areas' dots beginning to coalesce (Mackay 1949, Dent 1996). This
guideline allows the dots of the densest areas to be more tightly-packed than in
sparsely populated areas, suggesting a high density. Therefore, I used
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Multnomah County's distribution - the most densely populated county in the
state- to aid in determining the size of the dot. As Figure B1 illustrates,
Multnomah County and surrounding areas have dots that are so closely placed,
they appear to be almost a solid block, suggesting a very high density. If the dots
would have been larger, it would be impossible to distinguish individual dots,
defeating the purpose of the dot map. If the dots would have been smaller, there
would be too much space between dots in the densest areas and people would
perceive the area as lower density. Also, it would make the single dots in very
low density areas difficult to detect.
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Figure Bl. The dot map used for the study
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One common method cartographers employ to deal with outlier counties
such as Multnomah County is to use a graduated circle to represent the dense
enumeration unit or high-density urban areas. However, because this thesis aims
to determine differences between symbols, it is illogical to use two symbols on
one map. The dot size seen in Figure Bl shows a selected dot size effective to
allow the eye to detect areas of high densities and areas oflow densities.
The last consideration of dot maps is figure-ground relationships. To have
the points become the figure, or the object that stands out as most important, the
points should strongly contrast with the background information (Slocum et al.
2005). For this reason, I chose black dots on a light yellow background with 30%
gray county outlines to provide contrast.

Graduated Circle Map
Graduated circle maps have been used by cartographers because of the
ease of converting numerical data to circle symbols where the circle area
represents the respective value (Slocum et al. 2005). Additionally, circles are
"more visually stable than other symbol forms and thus cause little eye
wandering" (Dent 1996, 167). The scaling of circles may involve making the
areas directly proportional to the value represented or making the areas
psychologically-scaled according to a perceptual scaling factor. Research shows
that people underestimate the size of large circles, so some have suggested a
method of perceptual scaling to adjust for the underestimation of circles
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(Flannery 1971 ). Critics of Flannery argue that perceptual scaling cannot
accurately account for those people who are poor estimators and as a result,
negatively affect those who do estimate well (Griffin 1985, Griffin 1990). When
perceptual scaling is used, there is more variance in estimation than when
mathematical scaling is used, even though everyone underestimates.
Additionally, Chang (1980) found that using multiple values in the legend
generally spanning the range of circle sizes appearing in the map aided readers in
estimating circle size as compared to just including one circle size in the legend.
Based on this research, I am choosing to scale the circles directly proportional to
the data values and including five circle sizes in the legend.
Additionally, the size of circles should be chosen so that overlap of circles
should be moderate (Dent 1996). If the circles are too large, the map appears
crowded. Conversely, if the circles are too small, the map appears empty. The
base circle size was chosen so that the Multnomah, Washington, and Clackamas
County area circles did not overlap excessively. I placed circles at the centroid of
each county (Slocum et al. 2005).
With regard to figure-ground relationships, opaque symbols are useful to
create the greatest visual contrast (Griffin 1990). For this reason, I chose black
opaque symbols on a light yellow background.
Another factor to consider in graduated circle maps is surrounding circle
sizes affecting the perception of adjacent circles (Gilmartin 1981). This
phenomena is generally known as the Ebbinghaus illusion (Slocum et. al 2005).
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Both Gilmartin (1981) and Dent (1996) note that there is little that can be done to
correct for this problem, but just be aware that it exists. The final graduated circle
map can be found in Figure B2.
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Figure B2. The graduated circle map used in the survey.

Choropleth Map

The choropleth map is probably the most commonly employed map type
in everyday use for population data because it is very easily constructed. It
divides a map into enumeration units, in this case counties, and shades each unit
with a tone representing a standardized value. In Figure B3 , I chose to
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standardize the county population values to the commonly used people per
square mile. To obtain this, each county's population is divided by the total
county land area to produce the range of values seen in Table B 1. These values
are then grouped into classes. The optimal number of classes is between four and
six (Dent 1996). I chose five classes so that there is a clear "middle" value and
because Wiegand (2003) found students tended to class data into five categories
when given the task to class data on choropleth maps. I chose Jenks optimal
classification method, a widely recommended approach (MacEachren 1995,
Slocum et. al 2005).
The last concern for choropleth maps is an effective color scheme.
Cartographic literature almost universally suggests not using a sequence of hues,
since color differences are usually associated with qualitative differences.
Instead, it is recommended that a sequential scheme of tones be used where a hue
is darkened as values become higher and hue and saturation are held relatively
constant. Therefore, the lightest color represents the lowest value (or groups of
values) and the darkest color represents the highest value (s) (Brewer 1994).
Brewer also suggests that saturation values can be darkened to create clear
contrast between all classes. I used a color sequence from Colorbrewer (2002)
and chose orange because it is a common color seen in textbooks to symbolize
population.
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APPENDIXC:
MAP SURVEYS

(pages of surveys have been reformatted
to fit page margin requirements)
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Choropleth Map Survey (4 pages)
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1. On the map at the right there is a
highlighted county. Find the same
county in the map above. According
to the map above, how many people
would you estimate live in that
county?

2. Mark an X in one county on the map at the top of the page that you think
has a city with many people living in it. There may be more than one
correct answer, but only put an X in one county.
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3. On the map at the right, look at the
highlighted County A and County B.
Find these counties in the map above.
Looking at the map above, which
county has more people: county A or
county B?

10 -625

626-1518

II

4. Geographers say that a region is an area that includes more than one
county. A region does not have to follow county borders. Many people
see regions of high, medium, and low population on the map at the top of
the page. On the map at the top of the page, draw lines around the
regions that you think are high, medium, and low and label each with the
word "High," "Medium," or "Low." When you get done, every place in
Oregon should be in a high, medium, or low region.
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5. Imagine that you are a reporter from another state and you wanted to
write a story about where people live in Oregon. You look at this map as a
starting point and learn where people live in Oregon. However, looking
at the map and where it shows people living, you begin to think of other
questions about Oregon' s population. If you can find answers to these
questions, it will help you write an informative story on Oregon
population. Before you do any more research, you need to have questions
that you will try to find answers to. So, think of some questions you have
about Oregon's population by looking at the map.
In the space below, write down 2 questions that the map makes you ask
about where people live in Oregon that will be important to writing your
story. Do not write the answers, just the questions.
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6. The whole map is shaded a color, but people don't live in every square
mile in Oregon because there are forests, lakes, and rivers where people
cannot live. But, the map is still correct. Explain how:

7.

How old are you? _ _ _ _ _ _ __

8.

Are you a boy or a girl? _ _ _ _ _ _ __

9. What words would you use to describe this exercise? Confusing?
Interesting? Hard? Easy? Fun? Or something else? Please explain your
answer.
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Dot Map Survey (4 pages)
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would you estimate live in that
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2. Mark an X in one county on the map at the top of the page that you think
has a city with many people living in it. There may be more than one
correct answer, but only put an X in one county.
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3. On the map at the right, look at the
highlighted County A and County B.
Find these counties in the map above.
Looking at the map above, which
county has more people: county A or
county B?

II

4. Geographers say that a region is an area that includes more than one
county. A region does not have to follow county borders. Many people
see regions of high, medium, and low population on the map at the top of
the page. On the map at the top of the page, draw lines around the
regions that you think are high, medium, and low and label each with the

word "High," "Medium," or "Low." When you get done, every place in
Oregon should be in a high, medium, or low region.
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5. Imagine that you are a reporter from another state and you wanted to
write a story about where people live in Oregon. You look at this map as a
starting point and learn where people live in Oregon. However, looking
at the map and where it shows people living, you begin to think of other
questions about Oregon's population. If you can find answers to these
questions, it will help you write an informative story on Oregon
population. Before you do any more research, you need to have questions
that you will try to find answers to. So, think of some questions you have
about Oregon's population by looking at the map.
In the space below, write down 2 questions that the map makes you ask
about where people live in Oregon that will be important to writing your
story. Do not write the answers, just the questions.
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6. People live in parts of Oregon where there are no dots on the map, but the
map is still correct. How can this be?

7. How old are you? _ _ _ _ _ _ __
8.

Are you a boy or a girl? _ _ _ _ _ _ __

9. What words would you use to describe this exercise? Confusing?
Interesting? Hard? Easy? Fun? Or something else? Please explain your
answer.
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Graduated Circle Map Survey (4 pages)
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1. On the map at the right there is a
highlighted county. Find the same
county in the map above. According
to the map above, how many people
would you estimate live in that
county?

2. Mark an X in one county on the map at the top of the page that you think
has a city with many people living in it. There may be more than one
correct answer, but only put an X in one county.
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3. On the map at the right, look at the
highlighted County A and County B.
Find these counties in the map above.
Looking at the map above, which
county has more people: county A or
county B?
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4. Geographers say that a region is an area that includes more than one
county. A region does not have to follow county borders. Many people
see regions of high, medium, and low population on the map at the top of
the page. On the map at the top of the page, draw lines around the
regions that you think are high, medium, and low and label each with the
word "High," "Medium," or "Low." When you get done, every place in
Oregon should be in a high, medium, or low region.
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5. Imagine that you are a reporter from another state and you wanted to
write a story about where people live in Oregon. You look at this map as a
starting point and learn where people live in Oregon. However, looking
at the map and where it shows people living, you begin to think of other
questions about Oregon's population. If you can find answers to these
questions, it will help you write an informative story on Oregon
population. Before you do any more research, you need to have questions
that you will try to find answers to. So, think of some questions you have
about Oregon's population by looking at the map.
In the space below, write down 2 questions that the map makes you ask
about where people live in Oregon that will be important to writing your
story. Do not write the answers, just the questions.
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6. People live in areas in Oregon that aren't covered by the circle in each
county, but the map is still correct. How can this be?

7. How old are you?
8. Are you a boy or a girl? _ _ _ _ _ _ __
9. What words would you use to describe this exercise? Confusing?
Interesting? Hard? Easy? Fun? Or something else? Please explain your
answer.
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APPENDIXD:
HUMAN RESOURCES APPROVAL

~ Portland State
'W'
UNIVIUITY

Post OITlce Box 751
Portland, Oregon 97207-0751

5C>3•72S-4i88 tel
503·725-3416 fax
hsrrcOllStS.pdlc.edu

December 20. 2006
To:

Stephanie Gupen

From: Nancy Korolof{, HSRllC Chait

Re:
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""

HSRRC ·waived review of your application t:i.tled, "Which Thematic Maps Are Pmctical CM
.Educational Pwpo$es? A Study with Middle School Studcn~" (HSRRC Pioposa1 #

06346).
Dear Stephanie,
Your proposal is exempt from further Human Subjects Reseaicb R.eriew Committee review, and

you may p.rocecd with the $t\ldy.
Even with the exemption above, it wu necessuy by University policy for you to notify this
Committee of the proposed research. and we appn:ciate your timely attention to this mstter. If
you make changes in the rc:seaicb protocol. the Committee must be notified in writing. and

changes must be approved before being implemented.
If you have q\le$ti01lS or concems, please cont:act the HSRRC in the Offic:e of Reaeuch and
Sponsored Projects (ORSP), (503) 725-4288, t 1t Cramer Hall.

Cc: Joseph Pon.csky
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APPENDIXE:
SCRIPT
Hello everyone. Thanks for having us today! My name is Steph and this is my friend
Jenny. We are both geographers at Portland State University. Today we need your
help by doing a short little exercise with us about maps. You will be helping me
tremendously. Without you, I won't be able to do my homework. And you all know
how it feels when you can't get your homework done, it's not a good feeling, is it?
If you all agree to help me out, you won't have to worry about this counting for your
. In
grade because the things you write down won't be recorded by Ms.
fact, you aren't even going to write your name on it, so we won't know which paper
is even yours. Also, you don't have to worry about putting down a "wrong" answer
because most of the questions don't have a wrong answer. I'm just interested in what
you think about the maps. So, it should be a fun exercise that will help you learn a
little about maps and about Oregon population.

Does anyone not want to participate? Just let me know and you won't have to, it's
ok.
Ok, good. Jenny is going to hand you a packet that you will keep face down. Do not
flip it over until we tell you to so we can go over the instructions first. Also, please do
not write your name on it because like I said before, we don't want to know which
paper is yours when you are done.
So, all of your packets have a map showing Oregon population. When you get your
packet, there are 4 pages with a total of 9 simple questions for you to answer about
the map. You can write your answers directly on the paper. If at any time you have
a question about anything in the exercise, raise your hand and Jenny or I will come
and help you out.
Remember, if you have any questions during the exercise, please raise your hand and
we'll come and help you. If you still can't figure out the question after we help you, it
may be that the question is just too hard. And it's ok, because some of the questions
may be pretty hard, so it's ok to put that you don't know and that will help me just as
much as an answer you get. But, try to do your best at answering the questions
because I will be using what you write to help me learn about maps, so your answers
are really important to me. And remember, if you need help or are confused, just
raise your hand.
When you are all done, tum your packet over and raise your hand so we can collect
your packet.
Does anyone have any questions so far? Does anyone need me to repeat anything?
Ok, then you can all tum your packet over and begin the exercise.
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